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ABSTRACT 
Cystatins are multifunctional thiol proteinase inhibitors, found 
ubiquitously in plants and mammalian systems. These proteins specifically 
inhibit thiol proteinases like papain, bromelain and ficin of the plant system 
and cathepsins B, H and L of the mammalian system. Cystatins of the 
mammalian system have been found to be evolutionary and structurally 
related with each other, forming the 'cystatin super family'. Members of this 
super family have been divided into three groups or families: type-I cystatins 
(the stefins) which are intracellular single chain proteins with no disulfide 
bonds or carbohydrate content, type-II cystatins (the cystatins) are 
extracellular inhibitors found mainly in body fluids and contain two disulfide 
bonds towards the carboxyl terminus. Type-Ill cystatins known as the 
kininogens are present only in mammalian plasma. During the last decade, a 
new family (family IV) belonging to cystatin super family has emerged named 
as phytocystatins which includes almost all plant cysteine proteinase 
inhibitors. This family of protein inhibitors is known to have characteristics 
that are found commonly in most family 1 and family II cystatins of the 
mammalian system. 
Phytocystatins have been purified from a number of plant sources such 
as apple, rice, avocado, sunflower, sugarcane, tomato and potato. In this study 
two low molecular weight thiol proteinase inhibitors have been purified and 
characterized from the seeds of a common Indian legume, Phaseolus mungo, 
in terms of their biochemical and biophysical properties. The purification of 
cystatins (thiol proteinase inhibitors) was achieved using a simple and 
convenient two step procedure which includes ammonium sulphate 
fractionation, and gel filtration chromatography. The proteins of the pulse 
extract precipitated between 40-70% ammonium sulphate, when subjected to 
sephacryl S-100 gel filtration column gave two protein peaks with thiol 
proteinase inhibitory activity. Peak 1 was named as Phaseolus mungo cystatin 
I (PMC I) and peak II was named as Phaseolus mungo cystatin II (PMC II). 
A total of 2.9 and 3.7 mg of PMC I and II with a fold enrichment of 1333.3% 
and 1348.5%, with a yield of 18.18 and 16.35 were purified respectively. 
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The purified PMC I and II gave a single band in PAGE and 
non-reducing SDS PAGE. When SDS PAGE was performed in reducing 
conditions, single protein bands were obtained, indicating the absence of 
subunit structure in the protein. The molecular weight of PMC I and II was 
estimated from their relative mobilities in SDS PAGE, these proteins when 
denatured and reduced with /?-mercaptoethanol gave molecular mass of 19 
and 17 kDa respectively. Molecular weight determination by gel filtration 
column chromatography on sephacryl S-100 column revealed the same 
molecular weights as 19 and 17 kDa for PMC I and II respectively. The 
molecular mass of PMC I and II, as analysed by mass spectrometry were 
found to be 19124.36 and 17510.22 daltons respectively. 
Hydrodynamic parameters for the inhibitors I and II as determined 
from gel filtration behaviour suggested a stokes radius of 26.4 and 20.5 A. 
The diffusion coefficients for PMC I and II were computed to be 0.844 x 10'''* 
cm^/s and 1.08 x lO''"* cm^/s, respectively. Both the inhibitors were stable 
upto 24 h of incubation at 37°C and do not show autolysis. Carbohydrate 
content of PMC I and II was only 1% and 1.4% respectively. Furthermore, 
both the cystatins were devoid of free thiol groups and were highly stable 
towards extremes of temperature and pH. 
When PMC I and II were cross reacted with anti PMC I and anti PMC 
II antiserum respectively, single precipitin lines were obtained. Again, when 
these inhibitors were cross reacted with anti PMC II and anti PMC I antisera, 
a single precipitin line was obtained indicating the immunological identity of 
the inhibitors. 
Antibacterial property of PMC I and II was analysed on three bacterial 
strains. The zone of inhibition obtained suggests that S. aureus is most 
susceptible to cystatin inhibition with B. subtilis being least effected. 
The fluorescence emission spectra of PMC I and II complexed with 
urea, was taken as a function of time, which implicate that, at 25 min of 
incubation there is least quenching of fluorescence, however, as the 
incubation time is increased, quenching increases successively. Urea induced 
2, ^ 
conformational transitions were also monitored by fluorescence spectroscopy 
as a function of concentration. Maximum fluorescence emission was obtained 
at 338-342 nm, which shifted to 358-360 nm, upon denaturation with 8 M 
urea. An increase in fluorescence emission intensity was observed from 
0.2-1 M urea and a decrease in the emission intensity and a gradual red shift 
of the intrinsic protein fluorescence was observed at a concentration higher 
than 1 M urea. 
The results of far UV CD of PMC 1 and II complexed with urea showed 
that as PMC unfolds, a decrease in the negative feature near 200 nm leads to 
increase in sheet like conformation observed with an increase in negative 
feature near 220 nm. CD data reveals that, as the collapse proceeds slowly, a 
decrease in the amount of extended (hydrated) coil structure and an increase 
in the sheet like structure is observed over a longer time scale (5-150 min). 
Changes in the secondary structure of PMC I and II upon urea induced 
unfolding were also monitored by far UV CD (as a function of concentration). 
PMC incubation with urea solution resulted in, (a) change in shape of the CD 
spectrum, (b) urea concentration dependent loss in ellipticity and, (c) a red 
shift of the wavelength at which the signal crosses from negative to positive 
ellipticity values. 
The above mentioned results show that Phaseolus mungo cystatin has a 
predominant or-helical structure, which after interaction with urea show an 
increase in sheet like structure. 
PMC I and II were found to be globular in shape as investigated by 
rotatory electron microscopy. A linear array of globular nodules (native PMC 
I and II) were seen with an average length of 18 ± 6 nm (n = 360) and a 
diameter of 6.0 ± 1.4 nm. After interaction with 2, 4 and 6 mM urea, a gradual 
change in the shape of PMC I and II was observed. 
The PMC: thiol protease stoichiometry of 1:2 was obtained for papain, 
bromelain and ficin. The two proteins are potent inhibitors of thiol 
proteinases as is evident by their Ki values. A Ki value of 0.208 x 10'^ and 
3 XI 
2.19 X 10'^ M were obtained for papain, ficin gave a Ki value of 4.93 x lO''" 
and 3.1 x lO'"' M and a Ki value of 5.1 x 10"'' and 3.2 x lO"'' M were obtained 
with bromelain, for PMC I and II respectively. A comparison of Ki (app) 
values indicates that PMC has highest affinity for papain, then ficin and least 
with bromelain. The increasing values of Ki with increase in substrate 
concentration suggests the inhibition to be competitive 
PMC I and II have IC50 value of 0.09 and 0.11 i^M with papain, 0.1 and 
0.08 |iM with ficin and highest value of 0.12 and 0.2 i^M with bromelain. 
Lowest IC50 values for papain suggest a higher affinity of the inhibitor 
towards the enzyme. Tight binding inhibitors have high association rate 
constants. Among the three thiol proteinases, as expected, papain has highest 
K+i (association rate constant) of 1.48 x 10^ and 6.06 x 10^ M''S"' for PMC 1 
and II respectively. Although bromelain exhibited lowest affinity, but its K+i 
is higher than that obtained for ficin with PMC I. The data obtained suggests 
lowest Ki (app) with papain. 
The present study clearly establishes PMC I and II as new and potent 
inhibitors that show new structural and functional features with resemblance 
to some previously known phytocystatins. The properties of the purified 
inhibitors are in between type I and type II cystatins of the mammalian 
system. 
Section II of the thesis for the first time, describes the biochemical and 
biophysical effects, induced by pesticides which includes fungicides (SDD 
and Zineb) and herbicides (Isoproturon and 2, 4-D), on PMC I and II. 
Electrophoretic profile and intensity of cystatin bands at different 
incubation times as compared to the native cystatin gives a clear picture 
showing the fragmentation of purified PMC I and II in the presence of 
different fungicides and herbicides. A tremendous loss in thiol proteinase 
inhibitory activity is observed, which supports the fragmentation and 
conformational change in the inhibitor, thus providing a strong evidence of 
the deleterious impact of different fungicides and herbicides on PMC 1 and II. 
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A successive increase in fluorescence quenching was observed with 
an increase in the concentration of pesticide (1.5-3 mM), while, minimal 
quenching was observed at lower pesticide concentrations (1.5 mM). 
Fluorescence studies of the pesticide treated PMC I and II, both, indicate a 
red shift. 
FTIR results further confirm the damage caused to the inhibitors as is 
evident by a significant shift in the peak intensity of PMC I and II, after their 
interaction with pesticides, furthermore, the data obtained shows significant 
changes in the structure of these inhibitors from that of a-helix to y9-sheet 
structure (lower wavenumber ^-sheet bands), after coincubating PMC I and II 
for 4 h with SDD, Zineb, Isoproturon and 2,4-D respectively. 
Exposure of plants to a variety of adverse conditions such as pesticide 
treatment leads to free radical production. Results of free radical studies have 
shown that interaction of PMC I and II with SDD, Zineb, Isoproturon and 2,4-
D also leads to production of free radicals. 
PMC I and II attain the position of native band, when incubated with 3 
mM of SDD in the presence of thiourea (100 mM). Similar results were 
obtained for Zineb. Results of free radical studies taken altogether show that 
thiourea was found to be the most effective scavenger among other 
scavengers used in the study. Besides thiourea, to some extent, mannitol (100 
mM) was also found to scavenge the free radicals generated during 
isoproturon - PMC interaction. Similarly, thiourea and mannitol were able to 
scavenge free radicals generated during 2,4-D- PMC interaction, although, 
mannitol was not that effective as thiourea. 
Since thiourea is a scavenger of hydroxyl radicals, generation of 
hydroxyl radicals is established in the interaction of PMC with pesticides 
used in the study, scavengers of superoxide anion and singlet oxygen were 
ineffective and were unable to produce any scavenging effect. Thus, it shows 
that thiourea is involved in scavenging hydroxyl radicals generated by the 
pesticides. 
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cystatin and its zineb complexes in sodium 
phosphate buffer (pH 7.0, 25 mM), with 
varying concentrations of fungicide at 
different incubation periods. 
Table shows the percent loss in the thiol 125 
protease inhibitory activity after coincubating 
cystatin (1.5mM) with varying concentrations of 
isoproturon with varying incubation time as 2, 4, 
6 and 8 hrs. at 37°C. Inhibitory activity is 
calculated with control (without isoproturon) 
taken as 100%. 
TABLE 5.6 Table shows the percent loss in the thiol 126 
protease inhibitory activity after coincubating 
cystatin (1.5mM) with varying concentrations of 
2,4-D with varying incubation time as 2, 4, 6 and 
Bhrs, at 37°C. Inhibitory activity is calculated 
with control (without 2,4-D) taken as 100%. 
TABLE 5.7 Secondary structure determination of native 132 
cystatin and its isoproturon complexes in 
sodium phosphate buffer (pH 7.0, 25 mM), 
with varying concentrations of herbicide at 
different incubation periods. 
VII 
TABLE 5.8 Secondary structure determination of native 133 
cystatin and its 2,4-D complexes in sodium 
phosptiate buffer (pH 7.0, 25 mM), with 
varying concentrations of herbicide at 
different incubation periods. 
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ABSTRACT 
Cystatins are multifunctional thiol proteinase inhibitors, found 
ubiquitously in plants and mammalian systems. These proteins specifically 
inhibit thiol proteinases like papain, bromelain and ficin of the plant system 
and cathepsins B, H and L of the mammalian system. Cystatins of the 
mammalian system have been found to be evolutionary and structurally 
related with each other, forming the 'cystatin super family'. Members of this 
super family have been divided into three groups or families: type-I cystatins 
(the stefins) which are intracellular single chain proteins with no disulfide 
bonds or carbohydrate content, type-II cystatins (the cystatins) are 
extracellular inhibitors found mainly in body fluids and contain two disulfide 
bonds towards the carboxyl terminus. Type-Ill cystatins known as the 
kininogens are present only in mammalian plasma. During the last decade, a 
new family (family IV) belonging to cystatin super family has emerged named 
as phytocystatins which includes almost all plant cysteine proteinase 
inhibitors. This family of protein inhibitors is known to have characteristics 
that are found commonly in most family I and family II cystatins of the 
mammalian system. 
Phytocystatins have been purified from a number of plant sources such 
as apple, rice, avocado, sunflower, sugarcane, tomato and potato. In this study 
two low molecular weight thiol proteinase inhibitors have been purified and 
characterized from the seeds of a common Indian legume, Phaseolus mungo, 
in terms of their biochemical and biophysical properties. The purification of 
cystatins (thiol proteinase inhibitors) was achieved using a simple and 
convenient two step procedure which includes ammonium sulphate 
fractionation, and gel filtration chromatography. The proteins of the pulse 
extract precipitated between 40-70% ammonium sulphate, when subjected to 
sephacryl S-100 gel filtration column gave two protein peaks with thiol 
proteinase inhibitory activity. Peak I was named as Phaseolus mungo cystatin 
I (PMC I) and peak II was named as Phaseolus mungo cystatin II (PMC II). 
A total of 2.9 and 3.7 mg of PMC I and II with a fold enrichment of 1333.3% 
and 1348.5%, with a yield of 18.18 and 16.35 were purified respectively. 
ix 
The purified PMC I and II gave a single band in PAGE and 
non-reducing SDS PAGE. When SDS PAGE was performed in reducing 
conditions, single protein bands were obtained, indicating the absence of 
subunit structure in the protein. The molecular weight of PMC I and II was 
estimated from their relative mobilities in SDS PAGE, these proteins when 
denatured and reduced with /0-mercaptoethanol gave molecular mass of 19 
and 17 kDa respectively. Molecular weight determination by gel filtration 
column chromatography on sephacryl S-100 column revealed the same 
molecular weights as 19 and 17 kDa for PMC I and II respectively. The 
molecular mass of PMC I and II, as analysed by mass spectrometry were 
found to be 19124.36 and 17510.22 daltons respectively. 
Hydrodynamic parameters for the inhibitors I and II as determined 
from gel filtration behaviour suggested a stokes radius of 26.4 and 20.5 A. 
The diffusion coefficients for PMC I and II were computed to be 0.844 x 10'''* 
cm'^ /s and 1.08 x 10"''* cm^/s, respectively. Both the inhibitors were stable 
upto 24 h of incubation at 37°C and do not show autolysis. Carbohydrate 
content of PMC I and II was only 1% and 1.4% respectively. Furthermore, 
both the cystatins were devoid of free thiol groups and were highly stable 
towards extremes of temperature and pH. 
When PMC I and II were cross reacted with anti PMC I and anti PMC 
II antiserum respectively, single precipitin lines were obtained. Again, when 
these inhibitors were cross reacted with anti PMC II and anti PMC I antisera, 
a single precipitin line was obtained indicating the immunological identity of 
the inhibitors. 
Antibacterial property of PMC I and II was analysed on three bacterial 
strains. The zone of inhibition obtained suggests that 5. aureus is most 
susceptible to cystatin inhibition with B. subtilis being least effected. 
The fluorescence emission spectra of PMC I and II complexed with 
urea, was taken as a function of time, which implicate that, at 25 min of 
incubation there is least quenching of fluorescence, however, as the 
incubation time is increased, quenching increases successively. Urea induced 
conformational transitions were also monitored by fluorescence spectroscopy 
as a function of concentration. Maximum fluorescence emission was obtained 
at 338-342 nm, which shifted to 358-360 nm, upon denaturation with 8 M 
urea. An increase in fluorescence emission intensity was observed from 
0.2-1 M urea and a decrease in the emission intensity and a gradual red shift 
of the intrinsic protein fluorescence was observed at a concentration higher 
than 1 M urea. 
The results of far UV CD of PMC I and II complexed with urea showed 
that as PMC unfolds, a decrease in the negative feature near 200 nm leads to 
increase in sheet like conformation observed with an increase in negative 
feature near 220 nm. CD data reveals that, as the collapse proceeds slowly, a 
decrease in the amount of extended (hydrated) coil structure and an increase 
in the sheet like structure is observed over a longer time scale (5-150 min). 
Changes in the secondary structure of PMC I and II upon urea induced 
unfolding were also monitored by far UV CD (as a function of concentration). 
PMC incubation with urea solution resulted in, (a) change in shape of the CD 
spectrum, (b) urea concentration dependent loss in ellipticity and, (c) a red 
shift of the wavelength at which the signal crosses from negative to positive 
ellipticity values. 
The above mentioned results show that Phaseolus mungo cystatin has a 
predominant or-helical structure, which after interaction with urea show an 
increase in sheet like structure. 
PMC I and II were found to be globular in shape as investigated by 
rotatory electron microscopy. A linear array of globular nodules (native PMC 
I and II) were seen with an average length of 18 ± 6 nm (n = 360) and a 
diameter of 6.0 ± 1.4 nm. After interaction with 2, 4 and 6 mM urea, a gradual 
change in the shape of PMC 1 and II was observed. 
The PMC: thiol protease stoichiometry of 1:2 was obtained for papain, 
bromelain and ficin. The two proteins are potent inhibitors of thiol 
proteinases as is evident by their Ki values. A Ki value of 0.208 x 10'^ and 
XI 
2.19 X 10"^  M were obtained for papain, ficin gave a Ki value of 4.93 x 10' 
and 3.1 x 10"'" M and a Ki value of 5.1 x 10''' and 3.2 x lO"^  M were obtained 
with bromelain, for PMC I and II respectively. A comparison of Ki (app) 
values indicates that PMC has highest affinity for papain, then ficin and least 
with bromelain. The increasing values of Ki with increase in substrate 
concentration suggests the inhibition to be competitive 
PMC I and II have IC50 value of 0.09 and 0.11 [iM with papain, 0.1 and 
0.08 \xM with ficin and highest value of 0.12 and 0.2 ^M with bromelain. 
Lowest IC50 values for papain suggest a higher affinity of the inhibitor 
towards the enzyme. Tight binding inhibitors have high association rate 
constants. Among the three thiol proteinases, as expected, papain has highest 
K+i (association rate constant) of 1.48 x 10^ and 6.06 x 10^ M"'S"' for PMC I 
and II respectively. Although bromelain exhibited lowest affinity, but its K+i 
is higher than that obtained for ficin with PMC I. The data obtained suggests 
lowest Ki (app) with papain. 
The present study clearly establishes PMC I and II as new and potent 
inhibitors that show new structural and functional features with resemblance 
to some previously known phytocystatins. The properties of the purified 
inhibitors are in between type I and type II cystatins of the mammalian 
system. 
Section II of the thesis for the first time, describes the biochemical and 
biophysical effects, induced by pesticides which includes fungicides (SDD 
and Zineb) and herbicides (Isoproturon and 2, 4-D), on PMC I and II. 
Electrophoretic profile and intensity of cystatin bands at different 
incubation times as compared to the native cystatin gives a clear picture 
showing the fragmentation of purified PMC I and II in the presence of 
different fungicides and herbicides. A tremendous loss in thiol proteinase 
inhibitory activity is observed, which supports the fragmentation and 
conformational change in the inhibitor, thus providing a strong evidence of 
the deleterious impact of different fungicides and herbicides on PMC I and II. 
XII 
A successive increase in fluorescence quenching was observed with 
an increase in the concentration of pesticide (1.5-3 mM), while, minimal 
quenching was observed at lower pesticide concentrations (1.5 mM). 
Fluorescence studies of the pesticide treated PMC I and II, both, indicate a 
red shift. 
FTIR results further confirm the damage caused to the inhibitors as is 
evident by a significant shift in the peak intensity of PMC I and II, after their 
interaction with pesticides, furthermore, the data obtained shows significant 
changes in the structure of these inhibitors from that of a-helix to y9-sheet 
structure (lower wavenumber y9-sheet bands), after coincubating PMC I and II 
for 4 h with SDD, Zineb, Isoproturon and 2,4-D respectively. 
Exposure of plants to a variety of adverse conditions such as pesticide 
treatment leads to free radical production. Results of free radical studies have 
shown that interaction of PMC I and II with SDD, Zineb, Isoproturon and 2,4-
D also leads to production of free radicals. 
PMC I and II attain the position of native band, when incubated with 3 
mM of SDD in the presence of thiourea (100 mM). Similar results were 
obtained for Zineb. Results of free radical studies taken altogether show that 
thiourea was found to be the most effective scavenger among other 
scavengers used in the study. Besides thiourea, to some extent, mannitol (100 
mM) was also found to scavenge the free radicals generated during 
isoproturon - PMC interaction. Similarly, thiourea and mannitol were able to 
scavenge free radicals generated during 2,4-D- PMC interaction, although, 
mannitol was not that effective as thiourea. 
Since thiourea is a scavenger of hydroxyl radicals, generation of 
hydroxyl radicals is established in the interaction of PMC with pesticides 
used in the study, scavengers of superoxide anion and singlet oxygen were 
ineffective and were unable to produce any scavenging effect. Thus, it shows 
that thiourea is involved in scavenging hydroxyl radicals generated by the 
pesticides. 
XIII 
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GENERAL 
Proteolytic enzymes or proteases are of universal occurrence in the 
living systems. These enzymes catalyze the hydrolysis of susceptible 
peptide bonds in proteins. Proteases are customarily classified as 
exopeptidases when they hydrolyze only the N-terminal or C-terminal 
bonds in proteins and endopeptidases when they hydrolyze internal 
peptide bonds. The term protease is considered to be a general term, it is 
applied equally to both exo and endopeptidases. A protease is classified 
as proteinase if it exhibits a significant degree of endopeptidase activity 
regardless of whether it exhibits exopeptidase activity. Proteinases have 
been grouped into four classes according to the essential amino acid 
residues at their active sites, and their mechanism of action. They are 
classified as serine, cysteine, aspartic and metalloproteinases (Bode and 
Huber, 1992). Examples of these have been identified in plants, insects, 
microorganisms and mammals. Inhibitor proteins have been found for 
each of the four mechanistic classes of proteinases, however, a large 
number of inhibitors are directed towards serine and cysteine proteinases 
(Barrett et al., 1986). In contrast only a few of these inhibitors are known 
for aspartic and metalloproteinases (Ryan, 1990; Jouanin et al., 1998). 
Some well known proteinases in plants are papain, bromelain and 
ficin (Turk et al., 1997). These proteinases have been extensively studied 
particularly in germinating seeds and their activities have been associated 
with the events of seedling, growth and development. Proteinase and 
proteinase inhibitors when present in the same organism present a 
paradoxical situation. Yet, it's the natures own way of controlling 
unwanted, unchecked and often destructive proteolysis with the help of 
inhibitors, infact, proteinase inhibitors (Pis) comprise one of the most 
abundant class of proteins in plants (Ussuf et al., 2001). Most storage 
organs such as seeds and tubers contain 1-10% of their total proteins as 
proteinase inhibitors, which inhibit different types of enzymes (Ryan, 
1981). Since their discovery these inhibitors have been extensively 
studied particularly with respect to their significance, physiochemical 
properties, as well as to explore their mechanism of action and inhibition 
towards proteinases (Laskowski and Kato, 1980). It is also interesting to 
note that the levels of cysteine proteinases detected in the seeds seem to 
be comparable to the levels of their inhibitors in contrast with the 
different levels of serine proteinases and their inhibitors (Urwin et al., 
1995). 
Cysteine proteinases are apparently more important than serine 
proteinases in the mobilization of proteins during germination of seeds 
and other related processes (Huffaker, 1990). Thiol proteinase inhibitors 
also called as cysteine proteinase inhibitors (cystatins) is one such class 
of proteins that regulates the activities of cysteine proteinases. 
Furthermore, as compared to serine proteinase inhibitors, thiol proteinase 
inhibitors are apparently universally present in seeds (Rele et al., 1980; 
Fernandes et al., 1991). 
Cystatins 
Cystatins are multifunctional thiol proteinase inhibitors, found 
ubiquitously in plants and mammalian systems. These proteins 
specifically inhibit thiol proteinases like papain, bromelain and ficin of 
the plant system and cathepsins B, H and L of the mammalian system. 
The name cystatin was originally given to the inhibitor by Barrett (1985) 
because of its distinct inhibitory activity against cysteine proteinases. 
Cystatins of the mammalian system have been found to be evolutionary 
and structurally related with each other, forming the 'cystatin super 
family'. Members of the super family have been divided into three groups 
or families. 
The three families of cystatin superfamily include: type-1 cystatins 
(the stefins), type-11 cystatins (the cystatins) and type-lll cystatins known 
as the kininogens (Barrett, 1987). Type-1 cystatin represents the simplest 
form of cystatins. These are single chain proteins and consist of about 110 
amino acid residues (MW 11000) with no disulfide bonds or carbohydrate 
content. Their presence has been reported in potatoes, barley (Martinez et 
ai, 2005) and in the tissues of the mammalian system (Gruden et al., 
1997; Sato era/. , 1990). 
Type-II cystatins contain single chain proteins with two disulfide 
bonds towards the carboxyl terminus. These are made up of 115 amino 
acid residues (MW 13000). These inhibitors are present in a variety of 
nutritionally important foods such as rice and maize (Abe et al., 1992) 
and in the biological fluids and tissues of mammalian system (Barrett, 
1987). 
Third cystatin family, the kininogens (type III), are large 
molecules with three type-II like domains, bound carbohydrates and 
disulfide bonds, these are present only in mammalian plasma (Machleidt 
et al., 1983). Figure 1.1 shows the diagrammatic representation of the 
chain structure of proteins in the cystatin superfamily. 
Phytocystatins 
During the last decade, a new family (family IV) belonging to 
cystatin super family has emerged named as phytocystatins (Brown and 
Dziegelewska, 1997), these are the cysteine proteinase inhibitors of the 
plant origin. Phytocystatins can be classified into two groups, class I 
which possess single domain, comprised of the majority of phytocystatins 
(Abe et al., 1987a; Abe et al., 1987b; Pernas et al., 1998) and class II 
possessing multiple domains, for example, multicystatin isolated from 
potato tubers and tomato leaves (Walsh, 1993; Bolter, 1993). Cystatins of 
family IV include almost all plant cysteine proteinase inhibitors. This 
family of proteins are known to have characteristics that are found 
commonly in most family I and family II cystatins of the mammalian 
system (Turk et al., 1997). Homology searches show that some plant 
cystatins resemble family II cystatins and some resemble family I 
cystatins of the mammalian origin (Barrett et al., 1986). This 
classification is based on the evolutionary studies, utilizing the sequence 
comparison of a number of cystains from different sources. Sunflower 
Figure 1.1: Diagrammatic presentation of the chain structure of 
proteins in the cystatin superfamily 
Figure shows the structures of type I, II and III cystatins. The 
structure for type III cystatin shown here is that of L kininogens. 
The symbol [ marks potential sites for the attachment of the 
carbohydrate side chains. 
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cystatins are 59-73% identical in sequence to other animal 
cystatins. This reinforces the common ancestory but divergent evolution 
of phytocystatins. 
Distribution 
Majority of the plant inhibitors studied in the plant kingdom 
originated from three main families namely leguminosae, gramineae and 
solanaceae (Richardson, 1991). However, cysteine protease inhibitors 
have been detected in seeds of plants of all botanical families so far 
examined from gymnosperms to angiosperms (Rele et al., 1980; 
Fernandes et al., 1991). Significant amounts of phytocystatins are 
widespread in plant tissues (Leiner and Kakado, 1969) and their storage 
organs like seeds (Salmia, 1980) and latex (Nallamsetty et al., 2003). 
The first known plant cysteine proteinase inhibitor was from Oryza 
sativa (rice) which was discovered in 1987, subsequently, the protein was 
identified in other species. Papain inhibitors have been isolated from 
cereal seeds like maize, rice (Abe and Aral, 1985), wheat, rye, barley 
(Koehler and Ho, 1990) millet and most recently from the seeds of a 
commonly used Indian legume Phaseolus mungo (Sharma et al., 2005). 
Following are some other plant sources from which cystatins have been 
isolated and purified: sugarcane (Soares-Costa et al., 2002), avocado 
(Kimura et al., 1995), sunflower (Kouzama et al., 1996), pineapple 
(Rowan et al., 1990), seedlings from sorghum (Li et al., 1996), leaves of 
Dianthus caryophyllus (Kim et al., 1999) and apple fruit (Ryan et al., 
1988). 
Several cystatins isolated from the plant sources cannot be 
categorized in just one class of cystatin superfamily, like oryzacystatins 
from rice, and, cystatins from corn have no disulfide bonds or 
carbohydrate content, thus, they resemble type I cystatins of the 
mammalian system however they have many properties similar to type II 
cystatins of the mammalian origin (Fernandes et al., 1993; Kondo et al., 
1990). Cystatins of similar kind are found in sunflower seeds, avocado 
fruit and Chinese cabbage flower bud (Lim et al., 1996). Phytocystatins 
^ have also been identified and studied in plants such as cowpea, potato, 
and carrot (Fernandes et al., 1993; Ojima et al., 1997). Despite of this 
extensive work, limited efforts have been devoted to purify and 
characterize cystatins from some important plant sources like pulses and 
bruchids (Campos et al, 1989; Hines et al., 1991). Recently, a papain 
inhibitor has been purified from the seeds of xerophytic tree Algaroba 
{Prosopis julijlora) (Adeliana et al., 2004). Most recently it has been 
suggested that Vigna unguiculata as well as other leguminous seeds like, 
Phaseolus lunatus and Adenanthara pavonina contain at least three 
different classes of papain inhibitors based on their molecular weight: a 
low molecular weight (5-12 kDa), a high molecular weight (60-90 kDa) 
(Silva et al., 1991), and an intermediate class of 20-30 kDa. Seeds of 
mung bean (Phaseolus aureus) contain small molecular weight (2-12 
kDa) inhibitors active towards a cysteine proteinase isolated from the 
same seeds (Baumgartener and Chrispeels, 1976). The non specific 
cysteine proteinase inhibitors isolated from the seeds of a Bauhinia 
species tree with 24 kDa is an example of the above mentioned 
intermediate class (Goldstein et al., 1973). An acidic papain inhibitor of 
92 kDa isolated from maize endosperms seems to be related to the rice 
cystatins (Abe and Whitaker, 1988; Richardson, 1991). Oryzacystatins, 
soyabean cystatins as well as a papain inhibitor from Vigna unguiculata 
seeds were shown to inhibit cysteine proteinases from the midgut of 
insects. A cysteine protease inhibitor of 6 kDa was isolated from the 
seeds of Pumpkin (a cucurbit) and was shown to be constituted by three 
isoforms with pi 5.9, 7.5 and 10.3. A much larger phytocystatin (MW = 
87 kDa) was isolated from potato tuber, (Waldron et al., 1993). A novel 
inhibitor of cysteine proteinases has been isolated from the fruit bodies of 
a mushroom Clitocybe nebularis, the active inhibitor is a homodimer, it 
has an apparent molecular mass of 34 kDa and yields a single band of 17 
kDa after incubation with 6 M GdnHCl (Brzin et al., 1988). 
Properties of phytocystatins 
Phytocystatins are quite stable proteins as they remain active in the 
pH range of 4-11 and are also stable towards temperature changes in the 
range of 30-80°C (Wu and Haard, 1988). Clitocypin, a cysteine proteinase 
inhibitor from mushroom is reported to show marked stability at higher 
temperatures (Brzin et al., 2000). Most of the phytocystatins are low 
molecular weight proteins and contain no disulfide bonds (Barrett, 1987). 
They are generally acidic proteins and contain five conserved residues: 
Gln-Val-Val-Ala-Gly which are involved in complex formation with the 
enzymes (Barrett, 1987). Potato cystatin contains no carbohydrate 
attachments and is comprised of eight repeated cystatin domains with 53-
89% identity residues in the domains. The amino acid sequence of each 
potato cystatin domain contains 43-50% homology to oryzacystatins. 
Trypsin treatment of potato multichain cystatin hydrolyzes the protein 
into 132 kDa and 510 kDa polypeptides. This protein is stored in the form 
of crystals in the peridermal cells of potato tubers. Unlike potato 
multicystatin which is present in the peridermal cells, the tomato 
multicystatin is isolated from the leaves of tomato plants treated with 
methyl jasmonate (Wu and Haard, 2000). Table 1.1 shows the amino acid 
composition of different cystatins. Table 1.2 illustrates the examples of 
some of the phytocystatins investigated for their characteristics. 
In addition to the conserved sequences or points in the cystatin 
superfamily (eg. QVVAG), phytocystatins contain a new conserved 
sequence identified as: Leu-Ala-Arg [Phe or Tyr] Ala-[Val or He] x-x-
Asn on the N-terminal side (Turk et al., 1997). Seeds of Wisteria 
floribunda contain a protease inhibitor which has a sequence QVVAG 
which is also found to be conserved in oryzacystatin. This sequence could 
be used to identify phytocystatins on protein databanks and to 
differentiate them from other members of cystatin superfamily. 
TABLE 1.1 
AMINO ACID COMPOSITION OF TOMATO AND POTATO 
CYSTATIN 
Amino acid 
Asx 
Thr 
Ser 
Glx 
Pro 
Gly 
Ala 
Val 
Met 
He 
Tyr 
Phe 
His 
Lys 
Arg 
Trp 
Cys 
Tomato Cystatin 
(mole%) 
11.2 
4.0 
12.2 
13.6 
4.3 
12.3 
8.8 
6.9 
1.0 
4.1 
5.0 
2.8 
3.6 
1.6 
6.3 
1.8 
0.6 
Potato Cystatin 
(moIe%) 
12.6 
3.3 
1.9 
12.6 
3.0 
5.9 
7.9 
10.6 
1.3 
5.3 
6.9 
4.6 
6.8 
1.1 
11.9 
2.0 
2.9 
Data taken from Rodis and Hoff (1984). 
TABLE 1.2 
CHARACTERISTICS OF SOME PHYTOCYSTATINS 
Source and Reference 
Helianthus annus 
Kouzuma et al., 1996 
Persea americana 
Kimurae/a/ . , 1995 
Daucus carrot 
Ojimae/a/ . , 1997 
Oryza sativa 
Abee/a / . , 1987 a,b 
Vigna unguiculata 
Fernandes et al., 1993 
Solanum tubersoum 
Waldron e/a/., 1993 
(pineapple stem) 
Lenarcic et al., 1992 
Glycine max 
Misakae/a/ . , 1996 
Corn seeds 
Ahcet al, 1992 
Vigna unguiculata 
Castanea sativa 
Pernase/a/ . , 1998 
Wisteria floribunda 
Hirashiki er a/., 1990 
Prosopis julfilora 
Oliveira, 2000 
N 
Sea 
Scb 
(-) 
EIP18 
OC-I 
(-) 
PMC 
(-) 
(-) 
(-) 
(-) 
CsC 
WCPl-3 
PjC 
N. aa. 
83 
101 
100 
133 
102 
97 
757 
52 
245 
135 
97 
(-) 
(-) 
(-) 
M.mass. 
(kDa) 
~9 
-11 
-11 
18 
-12 
10.7 
-87 
- 5 
26 
18 
10.7 
11.2 
-15.7 
-20.5 
Pl 
5.6 
9.6 
(-) 
(-) 
5.3 
(-) 
(=) 
(-) 
(-) 
(-) 
(-) 
6.9 
5.7 
(-) 
N, nomination; N.a.a., number of amino acids; M.mass., molecular mass; (-), date 
not-found; (=) domain-dependent, Sea., sunflower cystatin a; Scb., simflower 
cystatin b; EIP 18., carrot cystatin; CsC, chestnut seed cystatin; WCPI., wisteria 
cysteine proteinase inhibitor; PjC, Prosopis juliflora cystatin. The molecular 
mass calculated by SDS-PAGE and/or filtration gel. 
Like mammalian cystatins, some phytocystatins are also tight binding 
competitive inhibitors, however, it has been found that generally 
phytocystatins are non-competitive inhibitory proteins in contrast to 
mammalian cystatins which showed a non-competetive type of inhibition 
towards papain. Some of the examples of phytocystatins showing non-
competitive inhibition are corn cystatin I and oryzacystatin I (Abe et al., 
1994), soyabean cystatin, (Neilson et al., 1996) chestnut seed cystatin and 
cystatins from Prosopis juliflora seeds (Adeliana et al., 2004). 
Studies have indicated a profound role for glycine at the N-
terminal region of many cystatins. It is found to be conserved in many of 
the plant and mammalian cystatins. This role of glycine could be 
attributed to its small side chain which allows flexibility in the structure. 
A phytocystatin isolated from corn cystatin (CC), showed a wide 
inhibitory spectrum against various cysteine proteinases, transgenic rice 
plants were produced by using CC cDNA as a first step to obtain a rice 
plant with insecticidal activity. This attempt was based on the observation 
that many insect pest cystatins like oryzacystatin showed a narrow 
inhibition spectrum and is present in ordinary rice seeds in insufficient 
amount to inhibit the cysteine proteinases of rice insect pests. The 
transgenic rice plants generated contained high levels of CC mRNA and 
CC protein in both seeds and leaves, the CC protein content of the seed 
reaching 2% of the total soluble proteins. CC activity recovered from 
seeds showed that the CC fraction efficiently inhibited both papain and 
cathepsin H, whereas the corresponding fraction from non-transformed 
rice seeds showed much lower or undetectable inhibitory activities 
against these cysteine proteinases. Furthermore, CC prepared from 
transgenic rice plants showed potent inhibitory activity against 
proteinases that occur in the gut of the insect pest, Sitophilus zeamais 
(Irie etal, 1996). 
A cysteine proteinase inhibitor purified and characterized from 
chestnut seeds (Castanea sativa) (Pernas et al., 1998) was compared for 
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its similarity with its full-length cDNA clone, isolated from an immature 
chestnut cotyledon library, results indicated the presence of similarities in 
all the motifs that were thought to be essential for inhibitory activity, and 
showed significant identity to other phytocystatins too, especially that of 
cowpea (70%). Recombinant chestnut seed cystatin (CsC) inhibited 
papain (Ki 29 nM), ficin (Ki 65 nM), chymopapain (Ki 366 nM), and 
cathepsin B (Ki 473 nM), with different Ki values. CsC is active against 
digesting proteases in the insect Tribolium castaneum and the mite 
Dermatophagoides farinae, these are the two important agricultural pests. 
Its effects on the cysteine proteinase activity of two closely related mite 
species revealed the high specificity of the chestnut cystatin (Pernas et 
al., 1998). 
The importance of the N-terminal region of cystatins, and of a 
conserved glycine within this region, remains unclear. It is found that 
deletion of the N-terminal 21 amino acids abolishes the inhibitory 
capacity of oryzacystatin I. Despite of the retention of conserved 
sequences and inhibitory fragments, the importance of a conserved 
glycine residue (GlylO) has also been examined by replacing it with 11 
other amino acids. Three other glycine residues (Gly5, 6 and 11) in this 
N-terminal region of oryzacystatin I were found to be insignificant. Only 
those variants in which GlylO was substituted showed any significant 
change in inhibitory capacity compared with wild-type of oryzacystatin-I. 
The inhibitory characteristics of hybrid cystatin molecules comprising 
regions of chicken egg white cystatin and oryzacystatin suggested that in 
common with animal cystatins, the N-terminal region of the plant 
cystatin, oryzacystatin-1, and in particular the highly conserved GlylO 
residue are important for effective inhibition of papain. 
Secondary Structure 
The secondary structure of chicken cystatin and human cystatin C has 
been studied extensively. Based on several line of evidences from 
analysis of amino acid sequences for the distribution of hydrophilic and 
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hydrophobic residues, the predicted hydrophilic residues are considered 
to be on the surface whereas hydrophobic regions were inside the protein. 
Each sequence possess a large terminal hydrophilic region (15-42 
residues) and a prominent central hydrophobic region (55-70 residues) 
followed by another large hydrophilic region at C terminus. Circular 
dichroism and computer prediction structure from the sequence indicate 
that chicken cystatin has about 20% a-helix, 42% y9-structure and 24% P-
turn and 12% random coil (Schwabe et al., 1984). The three dimensional 
structure of rice oryzacystatin-I {Oryza sativa L. japonica), has been 
determined at pH 6.8 and 25°C by 'H and '^ N NMR spectroscopy. Results 
showed that the main structure (Glul3-Asp97) of oryzacystatin-I is well 
defined and consists of an a-helix and the y?-sheet and is considerably 
similar to that of monellin, a sweet tasting protein from an African berry, 
it also showed resemblance to chicken egg white cystatin and human 
stefins A and B. Detailed structural comparison indicates that it is more 
similar to chicken cystatin, which belongs to the type-II animal cystatins, 
than to the human stefms A and B, which belong to the type-I animal 
cystatins. Fig. 1.2 shows the structural comparison between oryzacystatin-
I and animal cystatins. 
Homology between plant and animal cystatins 
Contrary to animal cystatins plant cysteine proteinase inhibitors 
were relatively recently investigated. Now several cystatins have been 
isolated and sequenced, out of these some showed homology with serine 
proteinase inhibitors while others showed resemblance with cysteine 
proteinase inhibitors of the mammalian origin. Differences were observed 
in their effectiveness of inhibition towards various cysteine proteinases 
(Brzin et al., 1988). The potato tuber cystatin represented a distinct group 
of proteins that could belong to Kunitz type of soyabean trypsin inhibitor. 
They did not possess the conserved region (Gln-X-Val-Gly) that usually 
characterizes the cystatin superfamily (Pernas et al., 1998., Brzin et al., 
1988., Stubbse/a/., 1990). 
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Figure 1.2: Structural comparison between oryzacystatin-I and animal 
cystatins complexed with papain. 
(A) oryzacystatin-I 
(B) chicken egg white cystatin 
(C) human stefin A 
(D) human stefin B 
The protein backbone is represented as ribbon. The backbone 
and side-chain non-hydrogen atoms of the amino acid residues 
involved in the N-terminal trunk (GlylO-Gly-11, in case of 
oryzacystatin-I), the first binding y9-hairpin loop (Gln53Val-54-Val-
55-Ala56-Gly-57), and the second binding y9-hairpin loop (Pro83-
Trp-84) are shown in red , green and blue respectively. 
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Oryzacystatin represents the best example of homology between 
the two groups (animal and plant cystatins). The alignment of the amino 
acid sequence with those of other cystatins reveals that plant cystatin like 
oryzacystatin is highly homologous to members of the cystatin 
superfamilies of the mammalian origin and both have evolved from a 
cognate ancestrol gene (Turk et al., 1983; Barrett et al., 1986; Turk and 
Bode., 1991)). Since oryzacystatins isolated from rice seeds in 1987 is 
one of the first thiol protease inhibitors some of the most important 
properties of oryzacystatin I and II are described in detail. 
Properties of Oryzacystatins 
Oryzacystatins I and II (OC I and II) are polypeptides with a 
molecular size of about 11.5 kDa and 12 kDa (Barrett et al, 1986). OC I 
occurs in a number of rice cultivars at an average of 2-3 mg/Kg of seed 
(Aral and Abe, 2000). It is a heat stable inhibitor, and it can withstand 
temperature as high a 100 °C or higher (Turk and Bode, 1991). The amino 
acid sequence of OC I has a significant similarity to those of 
representative cystatins of animal origin, which led to the suggestion that 
this inhibitor belongs to the cystatin superfamily (Aral and Abe, 2000). 
OC I bears no disulfide bonds, therefore, it could be classified as family I 
cystatin. However, in terms of the sequence homology, OC I resembles 
more closely to family II cystatins. OC I has 102 amino acids, and no 
cysteine residues. The predominant amino acids include Asp, Glu, Val, 
Ala, and Lys (Turk and Bode, 1991). OC I, like animal cystatins, has the 
conserved central pentapeptide Gln-Val-Val-Ala-Gly as a probable target 
enzyme-binding site, but lacks disulfide bonds. OC I inhibits papain with 
a Kj value of 10'* M, it inhibits cathepsin H with a Kj value of 10"^  M 
(Arai and Abe, 2000), it also inhibits ficin, but to a lesser extent. 
However, it failed to inhibit bromelain to any significant extent. OCI does 
not inhibit serine proteinases (trypsin, chymotrypsin, and subtilisin), 
aspartic proteinases, and metallo proteinases (Turk and Bode, 1991). 
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OC II shows 59% identity with OC I in terms of amino acid 
sequences. OC II is composed of 107 amino acid residues. However, like 
OC I, it does not contain disulfide bonds, and can be classified as 
belonging to family 1 of the cystatin superfamily. With respect to amino 
acid sequence, OC I and OC II are more closely related to family II 
cystatins of the mammalian system. Again, the commonly conserved 
sequence Gln-Val-Val-Ala-Gly in the central part of the molecule of most 
cystatin superfamily members including OC I is also present in OC II. It 
showed a Kj value of 10"^ M against papain and a value as small as 10'^ M 
against cathepsin H (Arai and Abe, 2000). OC II inhibits papain and 
cathepsin H non-covalently. Neither OC I nor OC II showed any effective 
inhibition against cathepsin B or L (Kondo et al., 1990). 
Mechanism of inhibition of proteinases by phytocystatins 
Cysteine proteinases play an important role in the intracellular 
proteolysis such as catabolism of peptides, processing of prohormones 
and precursor proteins. These proteins contain two principle catalytic 
amino acid residues, cysteine and histidine at their active site which are 
involved in the cleavage of peptide bonds connecting the amino acid 
residues of a protein or peptide substrate. Papain is the most extensively 
studied plant thiol proteinase. It is a monomeric polypeptide with a 
molecular weight of 23000 consisting of 212 amino acid residues with 
three disulfide bridges (Cys-22-Cys-63, Cys-56-Cys-95, Cys-153-Cys-
200). Its sequence and three dimensional structure is well known. Fig. 1.3 
shows the three dimensional structure of chicken cystatin with the 
inhibitory reactive site, while. Fig. 1.4 (A and B) show the three 
dimensional structure of papain and its interaction with proteinase 
inhibitor. Other plant cysteine proteinases whose known sequences 
indicate a relationship to papain are the chymopapains A and B isolated 
from Carica papaya, ficin (EC.3.4.22.3) from the latex of various ficus 
species (Moraceae), the bromelains from the latex of pineapple tree stem 
(Bromeliaceae). Papain from papaya, bleomycin hydrolase as well as 
15 
Figure 1.3: Three Dimensional Structure of Chicken Cystatin 
3D structure of chicken cystatin alongwith the inhibitory 
reactive site. 
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Figure 1.4: Proposed Model for The Structure of Papain and Papain 
Inhibitor Complex 
Parts A and B of the figure give a diagrammatic representation 
of the 3D structure of papain and its interaction with protease 
inhibitor. 
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actinicin from kiwi fruit, Actinidia chines is and caricain (Correa et al., 
2001) are the only cysteine proteases for which the complete amino acid 
sequences as well as the tertiary structures are known. A major mode of 
control of these proteinases is through the use of protease inhibitors. 
Biochemists have profitably studied plant proteinase inhibitors as model 
systems to explore the mechanism of action and inhibition of proteases 
(Feency, 1969). 
Several interaction models between cystatins and their target 
cysteine proteinases were proposed that suggested three regions of 
interactions: Gly 9 residue near the amino terminal, Gly-Val-Val-Ala-Gly 
region is conserved, and second hairpin loop near the carboxyl terminal 
region containing Trp-104 was also found to be conserved. This is also 
observed that the major contribution is from the first hairpin loop 
containing the QVVAG sequence (Salmia, 1980). The results of the X-ray 
crystallography did not show the involvement of the disulfide bonds in 
the interaction (Kondo et al., 1990; Feency, 1969, Barrett, 1987; Bode et 
al., 1988; Machleidt et al., 1983). In order to determine which region was 
responsible for the papain inhibitory activity, Abe et al (1987) and Aral et 
a/ (1991) evaluated the effects of the wild oryzacystatin and oryzacystatin 
truncated forms against papain activity. They observed that the primary 
region of interaction of the oryzacystatin responsible for the papain 
inhibitory activity was the Gly-Val-Val-Ala-Gly sequence, Pro-Tyr 
dipeptide region may also act as a cofactor in the interaction, but the 
possibility that some other regions also contributed to inhibitory activity 
could not be ruled out (Abe et al., 1987; Aral et al., 1991). Table 1.3 
shows the effects of the wild oryzacystatin and several oryzacystatin 
truncated forms against the activity of papain. 
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TABLE 1.3 
EFFECTS OF THE WILD ORYZACYSTATIN AND SEVERAL 
ORYZACYSTATIN TRUNCATED FORMS AGAINST THE 
ACTIVITY OF PAPAIN 
Wild oryzacystatin-I (WOC-I) 
Mutant-1: Lacking 21 amino-terminal and 
11 carboxyl-terminai amino acids 
Mutant-2: Lacking 38 amino terminal and 
35 carboxyl-terminai amino acids 
Mutant-3: Substitution of Gln-Val-Val-Ala-Gly by Pro-
Val-Val-Ala-Gly or Leu-Val-Val-Ala-Gly 
Mutant 4: Substitution of Gln-Val-Val-Ala-Gly by 
Gln-Val-Asp-Ala-Gly 
Mutant-5: Substitution of Gln-Val-Val-Ala-Gly by 
Gln-Val-Gly-Ala-Gly 
PPIA' 
PPIA" 
ACl" 
DR-PPIA' 
MPIA" 
E-PPI' 
Wild oryzacystatin (WOC-I); PPIA, a: potent papain inhibitory activity; b: ACI, 
almost completely inactive; c: DR-, reduced drasticly; d: MPIA, moderate papain 
inhibitory activity; e: E-PPIA, potent papain inhibitory activity equivalent to that 
of WOC-I (Wild oryzacystatin). Data were obtained from references Abe et al., 
1988; Araietal., 1991. 
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As far as the mechanism of action of phytocystatins is concerned, 
it has been established that no disulfide bond is formed between the 
active site of papain and the inhibitor because the complexe dissociates 
when denatured without reduction and carboxy-methylation of the 
enzyme, and it does not prevent complex formation, showing that the 
complex formation is reversible. Infact most mammalian cystatins are 
reversible, tight binding competitive inhibitors of cysteine proteinases, 
which form equimolar complexes with their target enzymes (Machleidt et 
al., 1989). According to the proposed model, the N-terminal segment of 
cystatin which is more flexible bridges over the active site Cys-25 residue 
of papains without completely burying it and additionally the side chain 
of Leu-8 binds to the S-2 subsite of papain which determines the substrate 
specificity of papain (Otto and Schirmeister, 1997). The side chain groups 
of QLVSG segment makes the most intimate contacts with putative S-1 
subsite of papain. The active site of the enzyme is formed by amino acid 
residues Cys25 and Hisl59. X-ray structural analysis has also been 
performed on papain-inhibitor complexes with the inhibitor E-64 and 
BPACK. Part A of Fig. 1.5 shows the schematic diagram of enzyme 
inhibitor complex between E-64 and papain. It shows the presence of Gly-
9 in the close vicinity of papain but not in direct contact of Cys-25 of 
papain. Removal of Leu-7 and Leu-8 leads to an approximately 5000 
folds lower affinity for papain. Part B of Fig. 1.5 gives the terminology of 
protease specificity given by Berger and Schetcher (1967). According to 
this terminology papain has seven subsites at the active site which can 
each bind to an amino acid residue of the substrate. Papain is particularly 
good at cleaving peptides at Arg and Lys residues (PI) but this SI subsite 
has a much less well defined specificity than the S2 subsite, which prefers 
hydrophobic site chains such as Phe. The S2 site of the enzyme is a 
hydrophobic pocket, formed by amino acid residues Trp69, Tyr67, 
Phe207, Pro68, Alal60, Valll33 and Vall57. However, Nycander and 
Bjork (1990) emphasized the role of Trp-104 in the inhibition of cysteine 
proteinases. According to their model Trp-104 of cystatin interacts with 
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Figure 1.5: Schematic representation of the mechanism of inhibition 
(A) The schematic diagram of enzyme inhibitor complex 
of E-64 and papain. 
(B) Selectivity diagram developed by Berger and Schetcher 
showing 'Terminology of protease specificity'. 
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two tryptophan side chains in the active site cleft of papain, Trp-177 and 
Trp-181, interact in such a manner that the indole ring of Trp-104 stacks 
on the side chain of Trp-177 and lies on the indole ring of Trp-181. 
According to Nycander (Nycander et al., 1998) initial weak 
interactions in which N-terminal of the inhibitor binds to the proteinase is 
followed by a conformational change. Subsequently, the occluding loop 
of the proteinase that partially obscures the active site is displaced by the 
inhibitor bringing about another conformational change in the proteinase. 
Furthermore, the inhibitors contain active sites for the inhibition of 
proteolytic enzymes that apparently endow them with their specificity 
(Machleidt e/a/., 1989). 
The three dimensional structure of cystatins and other evidences 
suggest that a flexible N-terminal region of these inhibitors may bind to 
target proteinases, independent of the two rigid hairpin loops forming the 
remainder of the inhibitory surface. According to Estrada (Estrada et al., 
2000), the N-terminal region of the cystatin interacts with the proteinase 
subsequent to the interaction of the hairpin loops. Researchers believe 
that such two step binding of cystatin to target proteinases nvay be the 
characteristic of most cystatin protein reactions. Although the detailed 
mechanism of the mode of inhibition by plant cystatins is not known, 
since oryzacystatin I and II are reported to show a significant degree of 
homology with egg white cystatin and other animal cystatins their 
mechanism may be similar to these cystatins (Estrada et al., 2000). Fig. 
1.6 shows the scheme of the proposed "Trunk Model" for the interaction 
of chicken egg-white cystatin with papain. 
Functions of phytocystatins in plants 
Phytocystatins constitute about 6% of the soyabean protein and upto 
10% of the soluble proteins of barley grains and potato tubers (Hines, 
1991). Phytocystatins are rich in cysteine and lysine residues contributing 
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Figure 1.6: Proposed "Trunk model" for the interaction of chicken egg 
white cystatin with papain. 
Scheme illustrates the interaction of chicken cystatin with 
papain. 
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to a better and enhanced nutritional quality of the food (Ryan, 1989). 
They have a storage function which is supported by their presence in 
large quantities in seeds and tubers. The most attractive role of these 
inhibitors is that they provide a powerful regulatory systems to the plants 
for controlling endogenous proteinases and prevention of unwanted 
proteolysis. 
Cysteine proteinases are present in seeds of all plants where they 
seem to be involved in the mobilization of protein reserves 
(Huffaker, 1990). These proteinases are also associated with the 
processing of proteins and in plant senescence in which case they are 
probably associated with ubiquitin dependent system requiring ATP (Rele 
et al., 1980J. A number of proteolytic enzymes are present in leaves, 
flowers, fruits and regulation of their activity is important for the 
development of plant tissues (Leiner and Kakado, 1969). 
Phytocystatins are important in a variety of ways as they are 
participants in the mechanisms of programmed cell death (Solommon et 
al., 1999). Apoptosis has been implicated in several processes such as 
xylogenesis (Ceros and Carbonell, 1993), some forms of senescence, in 
the pathogen attack response and stress response (Greenberg, 1996; Lamb 
and Dixon, 1997). They are expressed in response to biotic and abiotic 
stress and in various plant defense processes including insect and pest 
attacks (Gruden et al., 1997). 
Oryzacystatins I and II have been well studied for their functions. 
OCI and OCII occur in ripened rice seeds and possibly play a role in 
regulating the actions of cysteine proteinases present in rice (Abe et al., 
1991). Rice contains three molecular species of cysteine proteinases, 
named as oryzains a, J3 and /(OZ-a, OZ-/?, and OZ-y). OZ-y^is involved 
in proteolysis of seed storage proteins. OZ-a is involved in proteolysis of 
some functional proteins in the aleurone, and OZ-y is involved in 
intracellular protein turnover (Aral et al., 1998). OZ-a and 0Z-y9 are 
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homologous to papain, whereas OZ-y shows a very high homology to 
cathepsin H. Therefore, it is highly probable that in rice seeds OZ-P as 
well as OZ-a function as proteinases of the papain type, however, 
proteinase OZ-y functions as a proteinase of the cathepsin H-type. These 
three proteinases contribute in processing and maturation of storage 
proteins such as glutenin during ripening of rice seeds and the proteolysis 
of the storage proteins during germination (Abe et al., 1991). These are 
the probable endogeneous target enzymes of OCI and OCII, since their 
proteolytic activities are well regulated by these cystatins in vivo. 
Phytocystatins in health and disease 
Cystatins have antibacterial activity as well since they play a role 
in the inhibition of bacterial cysteine proteinases. Cystatins have been 
reported to inhibit the growth of Porphyromonas gingivalis and 
Staphylococcus aureus (Blakenvoorde et al., 1996; Naito et al., 1995; 
Greiner, 1992; Takushaki et al, 1994). 
Schlep and Pongpaew (1988) and Troll et al. (1984) suggested that 
proteinase inhibitors present in cereals like rice and maize can prevent 
certain types of cancer. Other scientists have also reported anti-tumor 
activity of phytocystatins (Shojikasai et al., 1988; Saito et al., 1980). 
Periodontitis and rheumatoid arthritis are inflammatory diseases catalyzed 
by cysteine proteinases of the mammalian system (Korant et al., 1986). 
The use of cysteine proteinase inhibitors like Clitocypin isolated from 
fruit bodies of mushroom in such processes has broaden the spectrum of 
specific phytocystatins available for potential applications in human and 
veterinary medicine. 
Role of phytocystatins in protection from insects 
Cystatins have been well established to play a potent defensive 
role against predators and pathogens, although, diverse endogenous 
functions for these proteins have been proposed, evidence for many of 
these roles is either partial or confined to isolated examples. On the other 
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hand many protease inhibitors have been shown to act as defensive 
compounds against pests by expression in transgenic crop plants and a 
body of evidence for their role in plants has been accumulated 
consistently. The possible role of protease inhibitors in plant protection 
was investigated as early as 1947 by Mickel and Standish, following these 
early studies, there have been many examples of protease inhibitors active 
against certain insect gut proteinases (Pannetier et al., 1997; Koiwa et al., 
1988). It has been reported that many proteinase facilitate the invasion of 
plant tissue by hydrolyzing proteins in and between cell walls. Proteinase 
inhibitors function in retarding the proteolysis of cell wall and membrane 
proteins reducing the disruption of cell organization, thus proving to be 
an asset to the plant by arresting the extracellular proteinases of the 
pathogens (Vain et al., 1998). 
Cystatins are also involved in inhibiting the proteinases of the 
insects, the cytosolic localization of inhibitors suggests their role in plant 
defense against insects which in turn cut off the supply of proteins to the 
insect and eventually helps in the repulsion of the invader, an example is 
the insects of the order Coleoptera which are repulsed by oryzacystatins, 
in vivo deleterious effects of E-64 and phytocystatins on growth and 
development of insects of the order coleopteran have also been reported 
(Wolfson et al., 1987). Transgenic potato expressing two cystatin genes 
(Cowgill et al., 2002) and transgenic rape plants (Rahbe et al., 2003) 
expressing rice cystatin I became resistant to nematode of potato and 
aphids. Insect induced damage of the plant body causes the induction of 
PIIF (Proteinase inhibitor inducing factor) within 48 hours of the attack, 
this leads to the accumulation of large amounts of proteinase inhibitors 
(Dey and Haborne, 1997). 
Protection of Phytocystatin from viruses and pests 
Many viruses require proteolytic cleavage to become infectious. 
Cystatins possess activity against a variety of viruses such as poliovirus, 
rhinovirus, cornonavirus, and herpes simplex virus (Kondo et al., 1992; 
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Korant et al., 1986; Korant el al., 1985). Although most likely the 
antiviral activity of cystatins is due to their proteinase inhibitory 
properties, the viral target enzymes have not been identified yet 
(Blakenvoorde et al., 1997). 
As the processing mechanism of all known potyviruses involves 
the activity of cysteine proteinases, tobacco cell lines expressing the 
foreign gene for cystatin at varying levels were examined for resistance 
against Tobacco Etch Virus (TEV) and showed direct correlation between 
the level of cystatin, inhibition of papain and resistance to TEV (Tobacco 
Etch Virus) and PVY (Potyvirus), in all cell lines tested. Thus, 
phytocystatins could be used against potyviruses and potentially against 
other viruses, whose replication involves cysteine proteinase activity 
(Campos e/a/., 1989). 
OC I also showed a strong inhibitory effect on the proliferation of 
herpes simplex virus. It is inferred that phytocystatins like OC I and OC 
II can be seen as useful factors for molecular breeding of virus resistant 
crop cultivars, as well as of functional food materials with an antiviral 
effect (Aral et al., 1995). Oryzacystatin I and II have been reported to 
show antiviral action against polio virus and herpes simplex virus (type 
I), the in vivo antiherpetic effect of oryzacystatin I and II has made 
possible the topical treatment of HSV-I (herpes simplex virus) infection 
in humans (Kondo et al., 1991; Aoki et al., 1995) and this could be a 
potential biotechnological application of phytocystatins. Though nothing 
is known experimentally concerning the mechanism involved in these 
processes, it is speculated that OCI molecules enter the infected cells by 
internalization to inhibit the molecular event in which the viral protein is 
processed into functional products (Arai et al., 1998). 
Plant proteinase inhibitors inactivate proteinases in the digestive 
tract of insects or pests. Parasites of cowpea and soybeans were fed with 
diets containing OC I and II. Results showed that OC I retarded the 
growth, or even killed those insects at higher concentrations (Kuroda et 
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al., 1996). This suggests that cystatins, which do not interfere with 
protein digestion in humans, may target specific cysteine proteinases of 
insect pests. 
An active area of research nowadays is the development of 
transgenic plants which express protease inhibitors with improved 
features. The techniques of DNA shuffling and phage display are being 
extensively utilized in this regard. 
Bruchids are considered to be the most serious pests attacking food 
legume seeds during storage (Adeliana et al., 2004). Substantial amounts 
of stored beans such as cowpea (Vigna unguiculata) and common bean 
(Phaseolus aureus) are lost due to damage caused by three main storage 
pests, the bean weevil (Acanthoscelides obtectus), mexican bean weevil 
{Zabrotes subfasciatus) and cowpea weevil {Calosobruchus maculates) 
(Murdock et al., 1987; Lemos et al., 1990). These bruchids use mainly 
cysteine proteinases to degrade proteins. All these findings seem to firmly 
point to a metabolic role for phytocystatins in seeds as contrasted with a 
defensive role attributed to other protease inhibitors (eg. serine protease 
inhibitors). It is well known that in developing countries the problem of 
protection of food grains from insect pests is complicated with a rapid 
annual increase in the human population (2.5-3.0%) in comparison to 1% 
increase in the food production. In order to feed the ever expanding 
population, crop protection plays a vital and integral role in the modern 
day agricultural production to minimize yield losses. 
Role of phytocystatins in protection from fungi 
The presence of phytocystatins in plants is also significant in view 
of their antifungal activity. Purified sugarcane cystatin is found to inhibit 
the growth of filamentous fungus Trichoderma reesi (Soares-Costa et al., 
2002) suggesting that it could be employed to inhibit the growth of 
pathogenic sugarcane fungi. Phytocystatins are also reported to exhibit a 
broad spectrum of activity including suppression of pathogenic nematodes 
like Globodera tabacum. Cysteine proteinase inhibitors from pearl millet 
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is found to inhibit the growth of fungi including Trichoderma reesi 
(Williamson and Hussey, 1996). Plant productivity can be affected by 
plant's susceptibility to fungal diseases that results in production losses. 
Hence, a relevant commercial application of cystatins is the 
development of plants expressing high amounts of phytocystatins that 
would impart potent antifungal property to the plant. These advantages 
make phytocystatins an ideal choice to be used in transgenic crops 
resistant to phytophagous insects and pests which can avoid poor crop 
yield and finally the production losses. 
Cystatin expression in abiotic and biotic stress 
Cystatin from chestnut seeds {Castanea sativa) showed induction 
and accumulation in chestnut seeds after fungal infection and after 
treatment by jasmonic acid (Pernas et al., 2000). Furthermore, the levels 
were also raised both in roots and leaves, when chestnut plantlets were 
subjected to cold and saline shocks, and in roots by heat stress. This 
suggests that chestnut cystatin is not only involved in defense responses 
to pest and pathogen invasion, but also in processes related to abiotic 
stress. Studies on phytocystatins are also important due to their 
involvement in defense mechanisms and in protection of seed reserves 
from premature hydrolysis (Ryan, 1990; Domoney et al., 1993). 
SOURCE OF THE INHIBITOR FOR THE STUDY: Phaseolus 
mungo(\JRD) 
Origin/Taxonomy 
On a global basis, over 65% of food protein and over 80% of food 
energy is obtained from plants. For example, in many tropical and 
subtropical areas of the world, legumes serve as the main source of 
proteins and calories because the animal proteins are too expensive and 
not readily accepted by the body. Pulse proteins, thus demand more 
attention in view of their important functions as agents to avert protein 
malnutrition. Maximum of pulse protein resources for human food 
requires systemic basic research. 
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Legumes are rich in lysine compared to other cereals. They also 
serve as important sources of several B-complex vitamins, minerals 
(calcium, iron, magnesium, zinc, potassium and phosphorus) and fiber. 
Legume proteins are inexpensive in terms of cost as compared to animal 
protein sources. 
Black gram is one of the important tropical legumes and has a 
potential for diversified application in legume based foods. It has a 
protein content ranging from 26.0-28.4% on a dry weight basis. Black 
gram proteins are characterized by a major storage protein globulin 
accounting for 81% of the total proteins followed by albumins, prolamins 
and glutelins (in decreasing order). Like most of other legume proteins, 
black gram proteins are deficient in sulfur containing amino acids and are 
rich in lysine, alongside, like several other legumes they show trypsin and 
chymotrypsin inhibitory activities and black gram trypsin inhibitor is 
exceptionally stable towards environmental factors. It is a good source of 
water soluble vitamins (niacin, thiamin, riboflavin, pantothenic and 
ascorbic acid) and polyunsaturated fatty acids. Black gram lipids have 
been shown to have cholesterol reducing effects in mammalian system 
which could be of biomedical importance (Reddy et al., 1982). 
Thus, it was envisaged that a thorough and systematic study of 
thiol proteinase inhibitor from a new source i.e. Phaseolus mungo, will be 
useful in understanding in depth about phytocystatins and to compare its 
properties with other known cystatins of plant and mammalian system. 
Black gram or urd belongs to the genus Phaseolus, which 
comprises 230 species of which 20 are cultivated for their edible pods or 
seeds. 
Black gram is an annual food legume and is considered to have 
been originated and domesticated in India from its wild ancestral form 
{V.mungo var.silvestris). It is cultivated in all parts of the country in an 
area of 1.5 million hectares producing about 0.5 million tonnes. 
30 
Black gram belongs to the subgenus Ceratotropis in the genus 
Vigna. The genus Vigna, together with the closely related genus 
Phaseolus, forms a complex taxonomic group, called Phaseolus-Vigna 
mungo complex commonly called as Phaseolus mungo. 
Germination of the black gram reduces the phytin content and 
increases the vitamin content by the action of proteolytic enzymes (Nigam 
and Giri, 1961; Rajalakshmi and Vanaja, 1967). Black gram is cooked as 
"dhal soup" (split dehusked bean soup) in South Asia and adjacent 
regions, it also forms the base of some fried savoury and sweet 
preparations. Like mung and moth, urd dhals are fried in fat, salted and 
eaten as snack. Fig. 1.7 shows the seed structure (parts A, B and C) of 
black gram, part D shows the flower of P.mungo while part E shows the 
image of P.mungo pod. 
Effect of fungicides and herbicides on ptiytocystatins 
The use of pesticides in agricultural practice is one of the most 
important ecotoxicological problems in developing as well as in 
developing countries. Pesticide is any substance intended for preventing, 
repelling or destroying any pests. Pesticide is a general term which 
includes herbicides, that are used to kill unwanted plants, insecticides, 
and fungicides, which are specifically used to kill molds, insect pests and 
fungi (Sharma et al., 2005). As a consequence of low price and easy 
availability, the use of pesticides has been widely expanded in 
agricultural practice and without their use, the agricultural yield of field 
crops would decrease by 30-50% (Zilbermann et al., 1991). Pesticides are 
absorbed in plant products. When such compounds are consumed by 
animal systems, they reach through the bloodstream to various parts of 
the body and affect some proteins (Purcell et al., 2001). 
Following Fungicides and Herbicides which are used globally in the 
present day agricultural systems have been used in the study for their 
effect on phytocystatins. 
1. SDD (Sodium diethyl dithiocarbamate): A dithiocarbamate fungicide. 
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Figure 1.7: Images of different stages of Phaseolus mungo 
Parts A- C: show the seed structure at different angles. 
Part D: Flower of Phaseolus mungo 
Part E: Image oi Phaseolus mungo pod. 
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2. Zineb (Zinc ethylene bis dithiocarbamate): A dithiocarbamate 
fungicide. 
3. Isoproturon: A phenyl urea herbicide. 
4. 2, 4-D (2, 4- dichlorophenoxy acetic acid): Amphiphilic herbicide. 
SDD and Zineb: 
SDD and Zineb are dithiocarbamate fungicides which are used widely 
to protect fruits, crops, grains and vegetables against fungi and molds. 
Mammalian exposure to dithiocarbamates leads to gonadal toxicity, a 
decrease in the level of different proteins, and an increase in the thyroid 
concentration (Baligar and Kaliwal, 2001). Furthermore, long term 
exposure of human beings to dithiocarbamates has been associated with 
Parkinsonism and an increased risk of neurocognitive impairment 
(Vaccari et al., 1997). The chemical structures of SDD and Zineb are 
shown in Fig. 1.8 (A and B).These dithiocarbamates form a part of the 
large group of synthetic organic pesticides that have been developed and 
produced on a large scale in the last 40-50 years. The development of 
dithiocarbamate derivatives with pesticidal properties occurred during 
and after the Second World War. 
Dithiocarbamates are effective against a broad spectrum of fungi 
and plant diseases caused by fungi. Because of their chelating properties, 
they are also used as scavengers in waste-water treatment. The herbicidal 
compounds, which are an integral part of industrialized agriculture, 
are used mostly in North and Central America, and Europe, with some use 
reported in Asia, South America, and Africa. In one way or the other 
human beings get exposed to these fungicides. 
Dithiocarbamates are also used in agriculture as insecticides and 
herbicides. Additional uses are as biocides for industrial or other 
commercial applications. These compounds are produced in great 
quantities. Some are used for vector control in public health. 
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Figure 1.8: Chemical structures of fungicides and herbicides 
(A) Chemical structure of SDD (sodium diethyl 
dithiocarbamate). 
(B) Chemical structure of Zineb (zinc ethylene bis 
dithiocarbamate). 
(C) Chemical structure of 2,4-D (2,4-dichlorophenoxy acetic 
acid). 
(D) Chemical structure of Isoproturon. 
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Environmental Levels and Human Exposure 
Studies in Canada and the USA have shown that, when vegetables, such 
as spinach, carrots, and potatoes, are treated with EBDCs (Ethylene bis 
dithiocarbamates) after harvest, a significant percentage of the EBDCs is 
converted to ETU (Ethylene thiourea) during subsequent cooking 
(Blazquez, 1973; Newsome and Laver, 1973; Watts et al., 1974). Table 
1.4 gives the "Summary of EBDC/ETU residues (mg/kg product) before 
and after processing" 
When certain crops, such as spinach, carrots, and potatoes, are 
treated with EBDCs, high levels of ETU are found in food after cooking. 
In general, however, the ETU levels are below 0.1 mg/kg product. Human 
exposure to EBDCs was calculated for the population of the USA on the 
basis of estimated consumption of dietary residues of ETU in treated 
crops. An estimate made for the Canadian and American population on 
the basis of results of available market-based surveys would be around 1 
|ig/kg body weight per day. 
2,4-D (2,4-dichlorophenoxyacetic acid) 
The herbicide 2,4-D is a broad leaf hormonal herbicide widely used 
in agricultural practice to fight dicotyledon weeds mainly in maize, cereals, 
leucerne and pulses. 2,4-D acts as a synthetic plant hormone, altering the 
plants metabolism and hence growth characteristics (Stevens and Sumner, 
1991). Part C of Fig. 1.8 shows the chemical structure of 2,4-D. 
Isoproturon 
The presence of herbicides like isoproturon in ground water and 
surface waters, indicates that most of these compounds are recalcitrant 
and can persist for long periods in the environments representing a risk to 
mammalian, plant and aquatic life. Isoproturon is an important herbicide 
of substituted phenyl urea groups, and is used mostly to eliminate weeds 
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TABLE 1.4 
SUMMARY OF EBDC/ETU RESIDUES (mg/ kg PRODUCT) 
BEFORE AND AFTER PROCESSING 
Tomato 
Unwashed 
Washed 
Canned 
Carrots 
Unwashed 
Washed 
Diced 
Frozen 
Canned 
Spinach 
Unwashed 
Washed 
Frozen 
Canned 
Eastern USA Western USA 
*EBDC **ETU 
0.3 
0.2 
0.03 
0.6 
0.3 
0.1 
0.03 
EBDC 
0.1 
ETU 
2.1 
0.6 
0.5 
0.1 
0.1 
0.1 
0.01 
0.01 
0.11 
0.01 
0.01 
_ 
2.4 
1.5 
0.1 
_ 
-
-
0.04 
0.18 
61.9 
9.7 
0.6 
0.1 
0.34 
0.02 
0.50 
0.71 
* Ethylene bis dithiocarbamate, ** Ethylene thiourea 
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and unwanted plants. It is also considered to be the most reactive 
herbicides probably due to the presence of the group CH (CH3)2 which is 
a benzene ring activating group, and the absence of halogen substituents 
(Parra et al., 2002). Part D of Fig. 1.8 shows the structure of isoproturon. 
Keeping in view the importance of cystatins in the plant kingdom, 
we have purified two low molecular weight phytocystatins from a 
commonly used Indian legume Phaseolus mungo (Urd). The two cystatins 
have been named as PMC I and PMC II (Phaseolus mungo cystatin I and 
II). Data presented here shows the physicochemical characterization of 
both the cystatins. Since phytocystatins have been purified from an 
agricultural source and the use of pesticides in agricultural practice is a 
global ecotoxicological problem, it was thought worthwhile to see the 
impact of different pesticides on purified PMC I and II. Thus, besides 
characterization of both the cystatins, we have also investigated the 
biochemical and biophysical changes induced in the inhibitors by 
dithiocarbamate fungicides like SDD (Sodium diethyl dithiocarbamate) 
and Zineb (Zinc ethylene bis dithiocarbamate) as well as the effect of 
herbicides, 2,4-D (2,4-dichlorophenoxyacetic acid) and Isoproturon (a 
substituted phenyl urea herbicide). 
The detailed study on phytocystatins from a new source Phaseolus 
mungo will increase the knowledge about phytocystatins and will shed 
some light on the interaction of phytocystatins with pesticides. In 
conclusion, it can be said that more phytocystatins need to be explored 
from cereals, germinating seeds, flowers and fruits, as they make a 
valuable system for studying the role of proteinases in the process of 
plant protection, seed germination and the plant development as a whole. 
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2. MATERIALS 
Chemicals and reagents used in the present study were obtained 
from the following sources as detailed below. Glass distilled water was 
used in all the experiments. 
Genei Pvt. Ltd., Bangalore, India 
Molecular weight markers (medium range). 
Hi-Media, India 
Agar agar, Agarose, Freund's complete adjuvant, Freund's 
incomplete adjuvant, nutrient agar, nutrient broth, sodium azide. 
Pharmacia Fine Chemicals, Sweden 
Blue Dextran 
Qualigens Fine Chemicals, India 
Acetone, ammonium persulfate, ammonium sulfate, cupric sulphate, 
cupric chloride, disodium hydrogen phosphate, ethyl alcohol, glacial acetic 
acid, hydrochloric acid, isopropanol, mannitol, methanol, monosodium 
dihydrogen phosphate, potassium iodide, silver nitrate, sodium 
bicarbonate, sodium carbonate, sodium chloride, sodium formate, sodium 
hydroxide, sodium lauryl sulfate, sodium potassium tartarate, sodium 
thiosulfate, sulphuric acid, thiourea, trichloroacetic acid, TEMED, tris 
hydroxymethyl amino acid methane, ascorbic acid, trifluoroacetic acid. 
Sigma Chemicals Co., USA 
Bromelain, Ficin, Papain, Isoproturon, Zineb, Sodium diethyl 
dithiocarbamate, 2,4-dichlorophenoxyacetic acid, Sephacryl S-100. 
Sisco Research Lab (SRL), India 
Acrylamide, N' N' methylene bis-acrylamide, bovine serum 
albumin, casein, L-cysteine, comassie brilliant blue-R250, EDTA, Folin-
ciocalteau's phenol reagent, glycine, phenol, ribonuclease, N' N'-dithio bis 
nitrobervzoic acid and urea. 
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3 . M E T H O D S 
3.1 PURIFICATION OF CYSTATIN FROM Phaseolus mungo 
A total of 100 g of urd seeds were soaked in 25 mM sodium 
phosphate buffer (pH 7.0) containing 0.15 M sodium chloride. This 
preparation was kept overnight at 4°C. Seeds were then homogenized and 
subjected to centrifugation in a Sigma cooling centrifuge (Japan) at 4000 
rpm for 20 min at 4°C. 
3.1.1 Ammonium sulfate fractionation 
The supernatant thus collected was saturated with 40% ammonium 
sulfate with gentle stirring at 4°C. After 4-6 h the precipitate was removed 
by centrifugation at 8000 rpm for 20 min at 4°C. The residue was discarded 
and the supernatant was made 70% saturated with ammonium sulfate. After 
4 h, the pellet was recovered by centrifugation at the same speed and 
dissolved in 10 ml of 25 mM sodium phosphate buffer (pH 7.0). The 
fraction thus obtained was extensively dialyzed against several changes of 
the same buffer at 4°C to remove the ammonium sulfate. The dialyzed 
sample was then loaded on a Sephacryl S-100 gel-filtration column. 
3.1.2 Gel filtration chromatography 
A sephacryl S-100 column (1.2x80cm) was prepared as 
recommended by Peterson and Sober (1962). A glass column mounted on a 
sturdy vertical support was filled to one third of its length with operating 
buffer in order to check leaks and flush air bubbles from the dead space. 
The deaerated gel slurry (120 ml) mixed with sodium phosphate buffer (pH 
7.0, 25 mM) was then poured with the help of glass rod into the column 
with care to avoid generating air bubbles. The column was left standing 
overnight. Flow rate was increased gradually and after accomplishing a 
constant flow rate (higher than that required for the final elution), the 
column was adjusted to the required flow rate. The packed column was 
thouroughly washed with two bed volumes of operating buffer (sodium 
phosphate buffer, pH 7.0, 25 mM). In order to check uniform packing and 
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to determine the bed volume of the column, 2% (w/v) solution of blue 
dextran in operating buffer, was passed through the column. The volume of 
blue dextran and protein solution applied was not more than 2-3% of the 
total bed volume. Fractions (5 ml) were collected and assayed for protein 
concentration and cystatin inhibitory activity. Homogeneity of the 
preparation was analysed by applying the sample on 7.5% Polyacrylamide 
gel electrophoresis (PAGE). 
3.2 COLORIMETRIC ANALYSIS 
3.2.1 Determination of Protein Concentration 
Protein was estimated by the method of Lowry et a/ (1951). Aliquots 
of protein solution were taken in a set of tubes and final volume was made 
upto 1 ml with sodium phosphate buffer (pH 7.0, 25mM). Five-milliliter of 
alkaline copper reagent (containing one part of 1% (w/v) copper sulfate and 
2% (w/v) sodium potassium tartarate in 1% (w/v) sodium hydroxide and 
sodium carbonate) was added and then after 10 min of incubation at room 
temperature, 0.5 ml of 1.0 N Folin-Ciocalteau's phenol reagent was added. 
The tubes were instantly vortexed. The colour developed was read at 660 
nm after 30 min against a reagent blank. A calibration curve was prepared 
using BSA as standard. 
3.2.2 Carbohydrate Estimation 
The procedure described by Dubois (1956) was followed. Two-
milliliter aliquots containing 40-100 \xg of carbohydrate was pippeted into 
a set of test tubes and 0.05 ml of 80% phenol was added. This was 
followed by the addition of 0.5 ml of concentrated sulphuric acid, the 
stream of acid being directed against the liquid surface rather than against 
the side of the test tube in order to obtain good mixing. The tubes were 
allowed to stand for 10 min, thoroughly mixed and again incubated for 20 
min at 30''C. The colour intensity was measured at 490 nm for the 
quantitation of hexose content. Glucose was used as the standard. 
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3.2.3 Thiol Group Estimation 
The procedure decribed by Ellman (1959) was followed for 
estimating the thiol groups of cystatins. SDS and yS-mercaptoethanol were 
added to estimate free thiol groups in the purified proteins, which was then 
followed by titration with DTNB reagent. Aliquots of 0.2 ml containing 7 
nmoles native, alongwith denaturating agents (SDS and yff-mercaptoethanol) 
treated PMC I and II were mixed with 0.1 ml of DTNB reagent (prepared 
by dissolving 40 mg in 100 ml of 0.05 M Tris-EDTA buffer, pH 8.0) in a 
total volume of 3.1 ml. The absorbance was read after 15 min at 412 nm on 
Camspec Model M330 B spectrophotometer. Free thiol concentration was 
calculated from the absorbance using molar extinction coefficient of 
13,600 M"'cm"' for the thionitrobenzoic acid group released. A standard 
plot was prepared with different amounts of cysteine (0-64 nmoles) by the 
same procedure as described above for the estimation of -SH group in the 
sample. 
3.2.4 Assay of cystat in inhibitory activity 
Caseinolytic assay for papain 
Cystatin inhibitory activity was quantitated by its ability to inhibit 
papain for its proteolytic cleavage using casein as the substrate. Inhibitory 
assay of cystatins was performed as described by Kunitz (1947). For 
determination of inhibitory activity, papain was activated in the presence 
of 0.2 M EDTA and 0.5 M cysteine for 10 min prior to incubation of 
papain-cystatin complex for 30 min at 37°C in sodium phosphate buffer (25 
mM, pH 7.0). The enzyme inhibitor complex was further incubated with 
casein for 30 min at 37''C and the reaction was stopped by the addition of 
10 % TCA. Acid insoluble material was removed by centrifugation at 3000 
rpm for 15 min, the supernatant was analysed for acid soluble peptides by 
the method described by Lowry et al (1951). Ficin inhibition was also 
assayed by the similar method. 
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3.2.5 Assay of Caseinolytic activity of Bromelain 
The proteolytic activity of bromelain was measured according to the 
method of Murachi and Neurath (1960). The enzyme was activated at 37°C 
for 10 min in the presence of 20 mM cysteine. Then the volume was made 
upto 1 ml by sodium phosphate buffer (25 mM, pH 7.0). 1 ml of 0.5% 
casein was added and incubated for 30 min at 37°C. The reaction was 
stopped by 1 ml of 5% TCA. Acid insoluble material was removed by 
centrifugation at 3000 rpm for 15 min. The supernatant was analysed for 
acid soluble peptides which were hydrolyzed by the enzyme, by the method 
described by Lowry et a/ (1951). 
3.2.6 Temperature and pH stability of PMC I and II 
The thermal stability of PMC I and 11 was investigated by measuring 
their inhibitory activity in sodium phosphate buffer (pH 7.0, 25 mM). For 
this investigation cystatins were incubated at 4, 25, 50, 75 and 100°C for 
30 min. 
The pH stability of both the inhibitors was investigated from pH 3-
10 at 37°C for 24 h. PMC I and II were incubated with 25 mM sodium 
acetate buffer (pH 3.0-6.0), 25 mM sodium phosphate buffer (pH 7.0-8.0) 
and 25 mM Tris HCl buffer was used for adjusting pH 9.0-10, pH 6.0-8.0 
was adjusted with IN HCl or NaOH. Tris HCl buffer was used for 
adjusting pH 9-10. After incubation, pH of the mixtures was neutralized 
and the remaining inhibitory activity was analyzed using casein as a 
substrate. Inibitory activity was assayed by the method of Kunitz (1947), as 
described above. 
3.3 SLAB GEL ELECTROPHORESIS 
3.3.1 Polyacrylamide gel electrophoresis (PAGE) 
PAGE was performed by the tris-glycine system of Laemmli (1970) 
using the apparatus manufactured by Biotech, India. Concentrated stock 
solution of 30% acrylamide containing 0.8% bisacrylamide and 1.5 M Tris, 
pH 8.8, were mixed in appropriate proportions to the required final 
42 
concentration. It was then poured into the mould formed by the glass plates 
(8.5-10 cm) separated by 1.5 mm thick spacers. Bubbles and leaks were 
avoided. A comb providing template for 7 sample wells was inserted into 
the stacking gel solution before polymerization began. The polymerization 
was complete in about 30 min after which the comb was removed and the 
wells were overlaid with the running buffer. Routinely, a 7.5% acrylamide 
gel was used. Samples containing 15-30 |ig of protein were prepared to 
give a final concentration of 62.5 mM, Tris-HCl (pH 6.8), 10% (v/v) 
glycerol and 0.001% bromophenol blue as tracking dye. 
3.3.2 Determination of autolysis 
The autolysis of the inhibitors was checked by the following 
method. PMC I and II were incubated for 0, 2, 4, 6, 8, 12 and 24 h at 37°C 
in sodium phosphate buffer (pH 7.0, 25mM). After each incubation period 
samples were analysed by 7.5% PAGE, the gels were silver stained and 
cystatin inhibitory activity was monitored by the modification of the 
method of Kunitz (1947). 
3.3.3 SDS Polyacrylamide Gel Electrophoresis (SDS-PAGE) 
SDS PAGE was essentially performed by the method of Laemmli 
(1970). Concentrated stock solutions were mixed in appropriate order to 
give a final concentration of 7.5%. Protein samples were prepared in 
solution containing 62.5 mM Tris-HCl (pH 6.8), 10% (v/v) glycerol, 2% 
(w/v) SDS, 5% (v/v) y9-mercaptoethanol and 0.001% (w/v) bromophenol 
blue. The samples were incubated at 100°C for 5 min. Electrophoresis was 
performed at 100 V till the tracking dye reached the bottom of the gel. 
Running buffer used during electrophoresis contained 1% SDS in addition 
to 192 mM glycine and 25 mM Tris-HCl (pH 6.8). 
3.3.4 Silver Staining of the Gel 
The gel after electrophoresis was silver stained by the modified 
Blum's silver stain method (Nesterenko, 1994). The staining method was 
initiated by fixation for 10 min in 50% acetone, 1% trichloroacetic acid and 
0.015% formaldehyde with subsequent washings. After a second fixation in 
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50% acetone, the gel was pretreated with 10% sodium thiosulfate and then 
impregnated with 20% silver nitrate and 37% formaldehyde. The protein 
bands were developed by immersing the gel in 2% sodium carbonate, 37% 
formaldehyde and 10% sodium thiosulfate for 30s to 1 min. The reaction 
was stopped by 1% glacial acetic acid and incubated for 15 min in 1% 
glycerol after rinsing in distilled water. 
3.4 MASS SPECTROMETRY (MALDI-TOF ANALYSIS) OF 
PMC I AND 11 
Purity of PMC I and II was further checked by again loading the 
sample on sephacryl S-100 gel filtration column. It was then eluted with 
sodium phosphate buffer (25mM, pH 7.0). Samples were then freeze dried, 
desalted and prepared for analysis on a Voyager Bioworkstation 
(Perspective Biosystems). The samples were dissolved in 1.0% 
trifluoroacetic acid and the matrix sinapinic acid (a saturated solution 
dissolved in acetonitrile: 0.1% TFA, 1:1, v/v, Sigma chemicals) was added. 
This preparation was then vortexed and 1.2 ml (Img/ml) of each PMC I 
and II was applied on the sample plate. The spectrophotometer equipped 
with delayed extraction system accessory, was operated in a linear mode. 
Sample ions were evaporated using a N2 laser at 330 nm wavelength and 
accelerated at a potential of 20 KV with a delay of 134 ns. Around 150 
shots of 3 ns pulse width laser light were required to ionize the sample. 
Finally, the signal was digitized at a rate of 480 MHz and averaged data 
was presented to the data system for correction. 
3.5 IMMUNOLOGICAL PROCEDURES 
3.5.1 Immunization of Rabbits 
Antibodies against PMC I and PMC II were raised in healthy male 
albino rabbits. 300 |ag of electrophoretically pure cystatins in 0.5 ml of 
normal saline emulsified with equal volume of Freund's complete adjuvant 
was injected simultaneously. Two weeks later 150 ng of cystatin was 
injected along with Freund's incomplete adjuvant. A similar second and 
third booster dose were given in the third and fourth week respectively and 
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the animal was bled after an additional one week. The blood collected was 
allowed to coagulate at 20°C for 3 h, the antisera was decomplemented at 
57°C for 30 min and stored at -20°C in small aliquots. 
3.5.2 Immunodiffusion 
Immunodiffusion was performed essentially by the method of 
Ouchterlony (1962). One percent molten agarose in normal saline 
containing 0.2% sodium azide was poured on a glass plate and allowed to 
solidify at room temperature. Required number of wells were cut and the 
slides were stored at 4°C. Fifteen to twenty microlitres of suitably diluted 
antisera and required amount of antigen prepared in normal saline were 
added in different wells. The reaction was allowed to proceed at room 
temperature. The petriplates were immersed in normal saline to remove 
non-specific precipitin lines. 
3.6 ANTIBACTERIAL ACTIVITY OF PMC I AND II 
The following bacterial reference strains were used: 
E. coli 
B. subtilis 
- S. aureus 
Nutrient broth was composed of nutrient agar (1.3 g/1). Ingredients of 
soft agar included agar agar (0.8 g/100 ml) and nutrient agar (1.3 g/100 ml). 
The antibacterial activity of PMC I and II was checked by 
determination of inhibition zone diameter (Kasprzykowski, 2000). 
Different bacterial strains {Staphylococcus aureus, Escherichia coli. 
Bacillus subtilis) were allowed to grow overnight in nutrient broth at 37°C, 
then 0.3 ml of the fresh culture was overlayed with soft agar on nutrient 
agar plates to aid the formation of bacterial lawns. Whatman filter discs 
were placed in 25 |Jg/ml, 50 |ag/ml and 1 mg/ml of the inhibitor to be 
absorbed on discs. After 2 h, discs were placed on the bacterial lawn and 
the inhibition zone diameter was determined. The antibacterial effect was 
classified as (+), +, ++ or +++ based upon the inhibition zone diameter of 
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11-12 mm, 13-14 mm, 15-16 mm and 17 mm and more than 17 mm 
respectively. Absence of antibacterial activity is denoted by symbol ( _ ) in 
the table. 
3.7 S P E C T R A L A N A L Y S I S 
3.7.1 UV Absorption spectroscopy 
The UV absorption spectra of native and papain treated PMC I and 
II were taken by measuring the absorption between 200-340 nm in a Cintra 
UV-Visible spectrophotometer in a cuvette of 1 cm pathlength. Appropriate 
controls of the solvent buffer were taken. 100 i^g of PMC I and II in a total 
volume of 2 ml was taken for the spectra. 
3.7.2 Fluorescence spectroscopy 
(a) As a function of time 
Sample Preparation: A 0.1 mM solution of purified PMC I and II 
were prepared by adding 15 mg of PMC to 3 ml of 25 mM sodium 
phosphate buffer (pH 7.0) and the solution was allowed to equilibrate for 
24 h at 37°C. Urea was added to PMC solution at a final concentration of 6 
mM. Resulting solution was stirred and warmed at 37°C on a magnetic 
stirring plate. Fluorescence emission spectra were taken before and after 
urea addition after each time interval i.e. 30, 60, 120, 240, 300 and 330 
min in the wavelength range of 300 to 400 nm, using xenon arc lamp as the 
light source. 
(b) As a function of concentration 
Sample Preparation: A 0.15 M solution of purified PMC I and II was 
prepared by adding 25 mg of PMC to 4 ml of 25 mM sodium phosphate 
buffer (pH 7.0), and solution was allowed to equilibrate for 12 h at 37°C. 
Urea solutions of different concentrations (0.1-8 M) were prepared in a 
final volume of 5 ml of 25 mM sodium phosphate buffer (pH 7.0). Both, 
urea and PMC solutions were stirred and incubated before taking the 
spectra for 6 h at 37 C in a water bath, on a magnetic stirring plate 
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Cells with 1 cm pathlength were used, an average of three scans was 
recorded and the equipment used for this investigation was Shimadzu RF-
1501 spectrofluorophotometer. 
3.7.3 Circular Dichroism Spectroscopy (CD) 
(a) As a function of time 
Samples were prepared in the same way as prepared for fluorescence 
spectroscopy. A 40 |xl aliquot of PMC I and II solutions was placed 
between two quartz windows with a 0.02 cm pathlength. CD spectra (180-
280 nm, 0.5nm steps) were recorded using a dry nitrogen-purged Jasco-715 
spectropolarimeter. Spectra were taken for PMC aliquots before and just 
after urea was added, then after every 25 min, until no additional changes 
in the spectra were observed. Since CD spectroscopy is particularly 
sensitive to a-helical content but less reliable at predicting changes in the 
yS-sheet or extended coil structure, popular self-consistent basis methods 
(Manavalan and Johnson, 1987; Sreerama and Woody, 1993; Perczel et al., 
1992) were successful at modeling the changes observed. This difference 
spectra was generated by subtracting the spectrum of intact PMC I and II 
from spectra of urea treated PMC at each time point using Grams 32 
software. The changes in the peak frequency and intensity were then 
compared to the standard CD spectra of primary helix, sheet and coil 
structure (Brahms and Brahms, 1980) to qualitatively interpret structural 
changes. The time scale of the structural changes were determined by 
plotting the change in the ellipticity versus time at 200 and 225 nm, where 
the largest structural changes occurred. Time constants were determined by 
fitting the data with Prism software. 
(b) As a function of concentration 
Samples were prepared in the same way as prepared for fluorescence 
spectroscopy. For this investigation suitable aliquots of PMC solutions 
were placed between two quartz windows with a 0.1 cm optical pathlength. 
The thermostated cell holder was maintained at BT^C. CD spectra were 
truncated between 180-260 nm using a dry nitrogen purged Jasco-715 
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spectropolahmeter equipped with Grams-32 software. Samples were 
scanned after incubating PMC for 6 h in appropriate buffer-urea solution 
(0-8 M). At 8 M urea, the CD spectra could be recorded as far as 210 nm. 
Data were corrected for the baseline contribution of phosphate buffer and 
urea and interpreted with the help of Grams-32 software. Residue 
ellipticities were calculated from the average data obtained for two 
independent experiments and ellipticity at 220 nm was taken to indicate 
changes in the protein secondary structure. 
The results were expressed as mean residual ellipticity (MRE) in 
deg. cm .dmol' which is defined as: 
MRE = Gobs (m deg) / (10 x n x 1 x Cp) 
where 6obs is the CD in millidegree, n is the number of amino acid 
residues, 1 is the pathlength of the cell and Cp is the mole fraction. 
Interpretations were done by the method given by Chen et al (1972). The 
results in the near UV-CD were expressed as molar ellipticities. The a 
helical content of cystatin was calculated from the MRE value at 222 nm 
using the following equation as described by Chen et al (1972) 
%helix = [MRE222-2340)/30300]xl00. 
3.8 ROTATORY ELECTRON MICROSCOPY (REM) 
Prior to rotatory shadowing, PMC I and II were freeze dried to 
protect them against distortion during drying. Samples for REM were 
prepared (as for fluorescence) in 25 mM sodium phosphate buffer, pH 7.0. 
For this study PMC I and II were incubated with urea (2-8 mM) for 30-60 
min. at 37°C. 0.1 mM of phenylmethylsulfonyl fluoride was used to inhibit 
proteolysis. Rotatory shadowed specimens were prepared by quickly 
spraying solution of cystatin onto freshly cleaved mica and shadowing with 
tungsten in a vaccum evaporator (Denton vaccum, cherry Hill NJ). Images 
shown in our study are from specimens sprayed and evaporated from 70% 
glycerol and shadowed with a light coat of tungsten, since this technique 
gave the best resolution results. Experiment was repeated many times so 
that the results were reproducible. Measurements of the sizes of the 
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observed structures are reported as mean ± standard deviation. Electron 
micrograph negatives were digitized on a microcomputer driven Optronics 
P 1000 rotating drum microdensitometer. 
3.9 K I N E T I C S O F I N H I B I T I O N 
3.9.1 Ki Determinations of PMC I and PMC II 
The absolute molarity of papain and ficin were determined by the 
method of Kunitz (1947) and absolute molarity of bromelain was 
determined according to the method described by Murachi and Neurath 
(1960). Ki determinations were carried out by lowering enzyme and 
inhibitor concentrations to obtain a non-linearity of dose-response curves. 
Thus papain was used at a final concentration of 0.05 |j.M to react with 
PMC I and PMC II varying from 0.01 ^M to 0.17 [iM. These experiments 
were carried out at four different substrate concentrations that is 0.5 Km, 1 
Km, 2 Km and 3 Km. Finally, the results were analysed by the method of 
Krupka and Laidler (1959). The equation is linearized as follows 
(Henderson, 1972). 
[lo] ^ f i ^ [ S ] o l V , 
1-Y/V„ 
= K. 
V ^ n , y 
7T^ + [E]o (1) 
0 
Where [I]o, [E]o and [S]o are the initial concentrations of inhibitor, 
enzyme and substrate, respectively. VQ is the velocity without inhibitor. 
The plot of [I]o/(l-Vi/Vo) against VQ/VJ is a straight line, the slope of which 
gives 
^ i ( a p p ) K i (2) 
3.9.2 Determination of Association rate constants (K+i) 
K+i values were determined by monitoring the time dependence of 
the association of papain with cystatin under second-order conditions. 
Equimolar amounts of the enzyme and the inhibitor (0.05 |^M) in the final 
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volume were mixed in a total volume of 1ml of the same buffer at 37 C and 
residual activity was measured as a function of time after 0, 2, 5, 10, 20, 25 
and 30 min as described above using casein as a substrate for papain, 
bromelain and ficin. 
Association rate constant (K+i) was calculated assuming that 
enzyme (E) and either inhibitor (I) react according to equation (3) and 
considering K.i to be low enough to neglect the reverse reaction during the 
initial part of the process: 
E + Ic :>EI (3) 
K_, 
Thus, when initial concentrations of enzyme, [E]o and inhibitor [I]o 
are identical, the integrated form of the equation giving association rate 
becomes: 
— = ^ + K„ t (4) 
[E] [El 
3.9.3 Determination of Dissociation Rate constants (K.i) 
Conditions for maximal association between the proteinase and 
either inhibitors were achieved before the reaction was shifted towards 
dissociation after adding excess amount of substrate, which binds all the 
free enzymes (Beith, 1980). Substrate induced dissociation was monitored 
for PMC I and II with papain and ficin, incubated for 30 min at 37°C. 
Excess substrate (6% casein) was added to the mixture for different time 
periods and then assayed for enzyme activity. 
On the basis of equation (3) the dissociation of EI complex obeys 
first order kinetics during the initial part of the reaction, i.e. when there is 
almost complete association. In this case the integrated form of the 
dissociation rate equation is given by 
In ^ [EI] ^ 
,[EI]o J 
= K-,t (5) 
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From which K.i and half-life of complexes may be calculated by 
rearranging the equation as follows: 
t„5=0.693/K. , 
Similar experiments for Ki determination, association and 
dissociation rate constants for ficin and bromelain were carried out with 
either inhibitors using their respective substrates. 
3.10 INTERACTION OF PESTICIDES WITH PMC I AND II 
The purified inhibitors were treated with different herbicides and 
fungicides and various physicochemical changes induced in PMC I and II 
were investigated. The different pesticides used in the study are as follows: 
SDD 
Zineb 
Isoproturon 
2,4-D 
: fungicide 
: fungicide 
herbicide 
: herbicide 
3.10.1 Effect of different pesticides on Cystatin (Activity assay) 
The direct effect of pesticides on the thiol proteinase inhibitory 
activity of purified PMC I and II was investigated by the modification of 
the method of Kunitz (1947). For this assay, cystatin I and II (1.5mM) were 
incubated with pesticide in different concentrations (0.5, 1, 1.5, 3, 6 and 
9mM) prior to incubation with papain, for 2, 4, 6 and 8 hrs. at ST^C in 25 
mM sodium phosphate buffer (pH 7.0). Then papain (4mM) was activated 
(using 0.2M EDTA and 0.5M cysteine for 10 min) and was incubated with 
cystatin pesticide complex for an additional 10 min. This complex was then 
incubated with casein for 30 min at 37'^ C and reaction was stopped by the 
addition of 10% trichloroacetic acid. Acid insoluble material was removed 
by centrifugation at 3000 rpm for 15 min. The supernatent was analysed for 
acid soluble peptides by the method of Lowry et al (1951). Statistical 
significance was conducted employing One-way ANOVA. A probability 
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level of p<0.05 was selected as indicating statistical significance. Control 
had buffer in equal volume in place of pesticide. 
A similar assay was done to see the direct effect of pesticides on the 
activity of papain. 
3.10.2 Fluorescence spectroscopy 
For fluorescence measurements, PMC I and II (1.5mM) were 
incubated for 2, 4, 6 and 8 hrs at 37°C with pesticide (l-9mM). 
Fluorescence emission spectra were taken after each incubation in the 
wavelength range of 300 to 400nm. The equipment used for this 
investigation was Shimadzu RF-1501 spectrofluorophotometer (Japan), 
and spectra were recorded using a xenon arc lamp as the light source. For 
the sake of accuracy the average of three to four scans was taken. 
3.10.3 Fourier Transform Infrared Spectroscopy 
Infrared spectroscopy was done to see the changes in the secondary 
structure components (conformational changes) in PMC I and II during 
cystatin and pesticide interaction. The spectra was truncated between 1740 
and 1520 cm"' and baseline corrected. The equipment used was NICOLET 
(ESP) 560 spectrophotometer (USA) equipped with a transmission OMNIC 
ESP 5.1 software and a DTGS detector, data was analysed and quantitated 
using Grams 32 software. PMC solutions (0.15 mg/ml) were prepared in 
sodium phosphate buffer (25 mM, pH 7.0). 
Original spectra of native cystatins (PMC I and II) along with 
cystatin coincubated with pesticide at 37°C were taken with a fixed 
concentration of cystatin (1.5mM) and increasing concentration of 
pesticide (l-9mM) with a resolution of 4cm~ and 128 scans. The changes 
in peak frequency and intensity were then assigned to conformational 
changes within the protein (Byler and Susi, 1986). Herbicides (Isoproturon 
and 2,4-D) and fungicides (SDD and Zineb) were taken in increasing 
concentrations as described above and at each concentration as well as at 
incubation time of 2, 4, 6 and 8 h the IR spectra was taken to see the loss in 
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secondary structure. Native PMC I and II (without pesticide) were taken as 
controls. 
3.10.4 Free radical study 
Interaction of fungicides (SDD and Zineb) and herbicides 
(Isoproturon and 2,4-D) with cystatin was also analysed for any possible 
involvement of free radicals after coincubating herbicides and fungicides 
with PMC I and II and then by adding different free radical scavengers 
(thiourea, sodium azide, ascorbic acid and potassium iodide). For this 
investigation free radical scavengers (lOOmM) were incubated with 
herbicide/fungicide (3mM) at 37°C, while, the concentration of PMC I and 
II was kept fixed i.e. 1.5mM for all the four pesticides. 
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4.0 R E S U L T S 
4.1 PURIFICATION OF CYSTATIN FROM BLACK GRAM 
(Phaseolus mungo) 
4.1.1 Puriflcation 
Phaseolus mungo (Urd) homogenate was prepared as described in the 
methods. The proteins of the black gram precipitated between 40-70% 
ammonium sulfate saturation were dissolved in 25 mM sodium phosphate 
buffer, pH 7.0, and dialysed against several changes of the same buffer. This 
resulted in a fold enrichment of 1333.3 and 1348.5 with a high % yield of 
18.18 and 16.35. Fig. 4.1.1 shows the elation profile of the ammonium sulfate 
fractionated protein after dialysis on a Sephacryl S-100 HR column, 
equilibrated with 25 mM sodium phosphate buffer (pH 7.0) containing 0.15 M 
sodium chloride. The thiol proteinase inhibitory activity was identified in two 
peaks (peak I and peak II). These peaks have been represented as Phaseolus 
mungo cystatin I and II (PMC I and II). The purification of PMC I and II has 
been summarized in Table 4.1. 
4.1.2 Charge Homogeneity and Subunit Structure 
Homogeneity of PMC I (peak I) and PMC II (peak II) eluted from gel 
filtration column was determined by polyacrylamide gel electrophoresis in the 
absence of SDS. The pooled fractions of the two peaks migrated as single 
band in PAGE. Fig. 4.1.2 shows the native PAGE of PMC I and II during 
various stages of purification. Subunit structure was determined by SDS-
PAGE under non-reducing (in the absence of /9-mercaptoethanol) and 
reducing conditions (in the presence of /?-mercaptoethanol) as shown in 
Fig.4.1.3A and Fig. 4.1.3B respectively. 
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Figure 4.1.1: Size exclusion chromatography of PMC I and II. 
The ammonium sulphate precipitate obtained from 100 g of 
urd homogenate was dissolved and dialysed against several 
changes of 25 mM sodium phosphate buffer, pH 7.0, 
(containing 0.15 M Nacl) at 4°C. The sample was applied on 
sephacryl S-100 HR column (1.2 x 80 cm), and eluted with the 
same buffer at the flow rate of 20 ml/h. Fractions of 5 ml were 
collected and assayed for the inhibitory activity against papain 
and for the protein concentration. 
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Figure 4.1.2: Gel electrophoresis of the purified PMC I and II during 
various stages of purification. 
Electrophoresis was performed on 12.5% non-denaturing gel 
as described under methods. Lane a contained crude urd 
homogenate, lane b contained dialysed fraction after 
ammonium sulfate fractionation, lane c and d contained PMC 
I and II respectively after gel filtration on sephacryl S-100 HR 
column. 25 ^g of protein was applied in each lane. 
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Figure 4.1.3: A: SDS PAGE of PMC I and II under non-reducing 
conditions. 
Electrophoresis was performed on 12.5% polyacrylamide gel. 
Lane a contained the molecular mass standards: 68 kDa 
(bovine serum albumin), 43.0 kDa (ovalbumin), 29.0 kDa 
(carbonic anhydrase), 20 kDa (soyabean trypsin inhibitor), 
14.3 kDa (lysozyme), lane b and c contained PMC I and PMC 
II (25 ng each) respectively. 
B: SDS PAGE of PMC I and II under reducing conditions. 
Electrophoresis was performed on 12.5% polyacrylamide gel. 
Lane a contained the molecular mass standards as in Fig. 
4.1.3A, lane b and c contained 25 |ig of PMC II and I 
respectively in the presence of yff-mercaptoethanol. 
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4.2 P R O P E R T I E S OF THE P U R I F I E D C Y S T A T I N S 
4.2.1 Molecular Weight 
The molecular weight of PMC I and II was determined under native as 
well as in denaturing conditions. The molecular weight of PMC I and II under 
denaturing conditions was calculated from its mobility in SDS PAGE by the 
procedure of Weber and Osborn (1969). The mobilities of the marker proteins 
were plotted against the logarithm of their molecular weights. The least 
square analysis of the data indicated a linear relationship between log M and 
relative mobility (Rm) of the marker proteins. The position of migration of 
PMC I and II corresponds to 19 and 17 kDa respectively (Fig. 4.1.3C). 
The molecular weight of native cystatins was determined using gel 
filtration chromatography on Sephacryl S-100. The marker proteins, bovine 
serum albumin, ovalbumin, cytochrome C, ribonuclease were 
chromatographed on a column of Sephacryl S-100 (1.2 x 80 cm) equilibrated 
with 25 mM sodium phosphate buffer, pH 7.0, and their elution volume was 
determined. Analysis of data indicated a linear relationship between log M 
and Ve/Vo, by the method of Andrews (1964). Ve is the elution volume of a 
protein and Vo is the void volume of the column. The Ve/Vo of PMC I and II 
correspond to 19 and 17 kDa respectively as shown in Fig.4.1.4. 
4.2.2 Mass Spectrometry (MALDI-TOF analysis) 
MALDI-TOF analysis is one of the most recent and sophisticated 
techniques through which accurate molecular mass can be determined easily 
in a short time period. Molecular mass of PMC I and II as analysed by mass 
spectrometry is found to be 19124.36 and 17510.22 daltons respectively. 
Fig. 4.1.5 shows the molecular mass determination of PMC I and II by mass 
spectrometry. 
4.2.3 Stokes Radius 
As elution behaviour of a protein from gel filtration column correlates 
with its stokes radius, the stokes radius of PMC I and II was determined by its 
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Figure 4.1.3: C: Molecular weight determination of PMC I and II by 
SDS PAGE. 
The marker proteins as mentioned in Fig.4.1.3A were 
electrophoresed on 12.5% gel and the relative mobility (Rm) 
of these marker proteins were plotted against their molecular 
weight using least square analysis of the data. MW of PMC I 
and II is indicated by arrows in the figure. 
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Figure 4.1.4: Molecular weight determination of PMC I and II using 
Sephacryl S-100 gel filtration chromatography. 
Purified PMC I and II were applied on a column of Sephacryl S-100 
(1.2 X 80 cm) and eluted with 25 mM sodium phosphate buffer, pH 
7.0 at a flow rate of 20 ml/h. The molecular weight markers used 
were Cyt C (12.7 kDa), ribonuclease (14 kDa), ovalbumin (43 kDa) 
and bovine serum albumin (68 kDa). The position of the elution of 
PMC I and II are indicated with arrows. 
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Figure 4.1.5: MW determination of PMC I and II by mass spectrometry 
(MALDI-TOF analysis) 
A: Molecular mass of PMC I. 
B: Molecular mass of PMC II. 
The samples were dissolved in 1.0% trifluoroacetic acid and 
0.1% TFA (1:1, v/v). This preparation was then vortexed and 
1.2 ml (Img/ml) of each PMC I and II was applied on the 
sample plate and was analysed by the procedure given in 
methods. 
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elution volume from a calibrated Sephacryl S-100 (1.2 x go cm) column using 
25 mM sodium phosphate buffer (pH 7.0) using marker proteins 
(Fig. 4.1.6).The column was calibrated by determining the elution volume of 
several globular proteins with known stokes radii such as bovine serum 
albumin (35.5 A), ovalbumin (27.3 A), ribonuclease (19.2 A), and cytochrome 
C (16.4 A). The data was analysed according to the theoretical treatment of 
Laurent and Killander (1964) equation 
Kav - Ve-Vo/V,-Vo 
Ve = elution volume, VQ = void volume and Vt = total volume. The 
linear plot between stokes radius and [-log Kav] of the marker proteins was 
used for the calculation of stokes radius of PMC I and II, which was found to 
be 26.4 and 20.5 A for PMC I and II respectively. 
4.2.4 Diffusion Coefficient 
The diffusion coefficient, D, of the inhibitors corresponding to this 
value of the stokes radius was computed to be 0.844 x lO''"* cmVs and 1.08 x 
10' cm^/s for PMC I and II respectively with the help of the equation 
D = KT/67rTir 
where, K is the Boltzman constant (1.386 x 10"'^ erg/deg), T is the 
absolute temperature (303 k) and r| is the coefficient of viscosity of the 
medium (0.01 OOP for water and dilute aqueous salt solutions at 20°C) 
(Friefelder, 1982). 
4.2.5 Cystatin autolysis 
PMC I and II were checked for their autolysis and it was found that 
there was no change in the inhibitory activity of PMC I and II even after 24 h 
of incubation. Position of bands in Fig. 4.1.7 (A and B) remains same with the 
increase in incubation time and has no effect on the stability of PMC I and II. 
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Figure 4.1.6: Determination of Stokes radius of the purified PMC I and 
II by Laurent and Killander plot. 
The purified cystatin was subjected to gel filtration on 
Sephacryl S-100 column. The Kav values were computed from 
the elution volumes of marker proteins. Stokes radii for the 
marker proteins were bovine serum albumin (BSA, 35.5 A), 
ovalbumin (27.3 A), ribonuclease (19.2 A), and cytochrome C 
(16.4 A). The stokes radii of PMC I and II is indicated by 
arrow. 
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Figure 4.1.7: Cystatin Autolysis 
Figure shows the native PAGE (7.5%) of PMC I and II 
incubated upto 24 h at 37°C. Lane a in Fig. 4.1.7 (A and B) 
shows purified PMC I and II (incubated for zero hour), while 
in lanes b-g PMC I and II were incubated for 2, 4, 6, 8, 12 and 
24 h at 37°C respectively and were analysed by the procedure 
described in methods. A represents PMC I and B represents 
PMC II. 
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4.2.6 Carbohydrate content 
Most of the phytocystatins are reported to be devoid of carbohydrate 
content. However, PMC I and II exhibited very low glycosylation of 1% and 
1.4% respectively. 
4.2.7 Sulfydryl content 
No free sulfydryl groups were detected in PMC I and II in the native 
and denatured forms. 
4.2.8 pH stability 
PMC I and II retained their inhibitory activity even after prolonged 
exposure (24 h) at pH 4.0. Both the cystatins (PMC I and II) retained about 
79% inhibitory activity at pH 4.0 and there was 83% inhibitory activity at pH 
8.0, however, their activities were significantly decreased below pH 4.0 and 
above pH 8.0, as shown in Fig. 4.1.8. Since similar results were observed for 
PMC I and II, thus the figure shows the results for PMC I only. 
4.2.9 Temperature stability 
Thermalstability of PMC I and II was examined by measuring the 
percent inhibitory activity after 30 min of incubation of the inhibitors at 
varying temperatures i.e. 4, 25, 50, 75, and 90° C. The phytocystatins retained 
100% activity upto 75° C at pH 7.0, however, there was 19% decline in 
activity at 90° C, as shown in Fig. 4.1.9. It has also been reported that most of 
the phytocystatins are stable to extremes of temperature and pH (Pernas et ai, 
1998). Since similar results were observed for PMC I and II, thus the figure 
shows the results for PMC I only. 
4.3 I M M U N O G E N I C P R O P E R T I E S 
4.3.1 Immunodiffusion 
For immunodiffusion 50 ng of antigen (cystatin) was loaded in the central 
well and antisera was loaded in other wells in varying concentrations (50 fig, 100 
Hg and 1 mg in wells A, B and C respectively). In Fig. 4.1.10a, 50 ng of PMC I 
was loaded in the central well, while in wells A, B and C antisera obtained against 
PMC I was loaded. In fig.4.1.1 Ob central well contained PMC II (50 ^g) while 
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Figure 4.1.8: Effect of pH on purified PMC I 
50 [Lg of purified thiol proteinase inhibitor in 25 mM glycine-
HCI buffer pH 1.0-2.0, sodium acetate buffer pH 3.0-6.0, 
phosphate buffer, pH 7.0-8.0 for 30 min at 37°C. After the 
incubation the pH of the mixture was neutralized and then 30 
|ag of activated papain was added and the mixture was further 
incubated for 60 min at 37°C. The following procedure was 
same as described in methods section for assaying the inhibitor 
using casein as a substrate. 
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Figure 4.1.9: Effect of temperature on purified PMC I 
50 jag of purified thiol proteinase inhibitor in 25 mM sodium 
phosphate buffer, pH 7.0, was incubated at various 
temperatures for 30 min and then rapidly cooled. 50 fig of 
activated papain was added and kept for 60 min at 37°C. The 
remaining procedure of determining thiol proteinase inhibitory 
activity was same as described in methods section using casein 
as a substrate. 
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wells A, B and C were loaded with antisera against PMC II. A single precipitin 
line was observed for both the cystatins which shows that both PMC I and II are 
immunologically pure. 
4.3.2 Cross Reactivity 
Cross reactivity was also checked in PMC I and II. For this 
investigation, 50 \ig of PMC I antisera was loaded in the central well while 
wells A, B and C contained antigen (PMC II) in varying concentrations (50 
^g, 100 |ag and 1 mg in wells A, B and C respectively), results are shown in 
fig. 4.1.10c, in a similar way 50 ^g of PMC II antisera was loaded in the 
central well while wells A, B and C contained antigen (PMC I) in varying 
concentrations (fig. 4.1.I0d). In both the cases a single precipitin line was 
obtained which implicates that both PMC I and II are immunologically pure. 
4.4 ANTIBACTERIAL ACTIVITY 
The results of cystatin subjected to different bacterial strains to study 
their biological effect have been summarized in Table 4.2. As is evident from 
the table, the growth of Staphylococcus aureus was inhibited to a greater 
extent by PMC I and II than other strains namely Escherichia coli. Results 
were significant with a dose of 100 ng/ml and Img/ml, at these concentrations 
there was a considerable increase in the zone of inhibition (17 or > 17 mm) of 
S. aureus. Moreover, both phytocystatins were also able to inhibit the growth 
of E.coli but not to a greater extent as compared to S. aureus. At a 
concentration of 100 |ig/ml and Img/ml, both PMC I and II inhibited the 
growth of E.coli with a inhibition zone diameter of 15-16 mm. Inhibition of 
B. subtilis growth was found to be insignificant as it did not exhibit any 
increase in the inhibition zone diameter even at higher concentrations of PMC 
I and II. The sensitivity of bacterial strains for PMC I and II could therefore 
be given as: S. aureus > E. coli > B. subtilis. 
4.5 SPECTRAL ANALYSIS 
Secondary and tertiary structural studies of PMC I and II in the 
presence and absence of urea were performed by fluorescence and circular 
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Figure 4.1.10: Ouchterlony double Immunodiffusion of PMC I and II. 
Anticystatin antibodies were raised in albino rabbits. Anticystatin 
antiserum was allowed to react with pure cystatin (antigen) as 
described in the methods section. 
a: The central well contains antigen PMC I (50 |ig) while wells A, B 
and C contained antisera against PMC I in different concentrations 
(50 jig, 100 jig and 1 mg). 
b: The central well contains antigen PMC II (50 ng) while wells A, B 
and C contained antisera against PMC II in different concentrations 
(50 ^g, 100 fig and 1 mg). 
c: The central well contains antisera PMC I (50 fxg) while wells A, B 
and C contained PMC II in different concentrations (50 ng, 100 ng 
and 1 mg). 
d: The central well contains antisera PMC II (50 ^g) while wells A, B 
and C contained PMC I in different concentrations (50 ^g, 100 jag 
and 1 mg). 
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TABLE 4.2 
ANTIBACTERIAL EFFECTS OF PMC-I AND PMC-II 
Bacterial 
strain 
B. subtilis 
S. aureus 
E. coli 
25 ^g/ml 
-
+ 
(+) 
Inhibitor concentration 
50fig/ml 
-
+ 
(+) 
lOOfig/ml 
-
+++ 
++ 
Img/ml 
-
+++ 
++ 
Inhibition zone 
- = 
(+) = 
+ 
++ = 
+++ = 
diameter: 
no zone 
11, 12 mm. 
13,14 mm. 
15,16 mm 
17 or > 17 mm 
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dichroism (CD) spectroscopy. Changes in the shape of native PMC I and II as 
a result of interaction with urea were also analysed by rotatory electron 
microscopy (REM). 
4.5.1 Fluorescence spectroscopy of Native and urea complexed PMC I 
and II 
(a) As a function of time 
Fluorescence spectroscopy was performed to investigate the spectral 
changes at different time intervals after the interaction of PMC I and II with 
urea. The cystatin and urea solutions were incubated for different time 
intervals i.e. 30, 60, 120, 240, 300 and 330 min and the fluorescence spectra 
was taken. Excitation wavelength was 284 nm, and emission spectra was 
taken in the wavelength range of 300-400 nm, with a slit width of 10 nm. 
Results implicate that the quenching of fluorescence emission was minimum 
at 30 min of incubation of PMC I and II with urea, but increases successively 
with increase in time as shown in fig. 4.1.11 (A, B). Quenching of 
fluorescence was 8.2% higher in PMC II as compared to PMC I. 
(b) As a function of concentration 
Urea induced conformational transitions in PMC I and II were 
monitored by fluorescence spectroscopy by following the changes in the 
intensity and position of the fluorescence emission. The results shown in fig. 
4.1.12 implicate that maximum fluorescence emission was observed at 338-
342 nm. Upon denaturation with 8 M urea, the maxima shifted to 358-360 nm. 
From 0.2-1 M urea, an increase in the emission intensity was observed, while, 
at concentrations higher than 1 M urea, a decrease in the emission intensity 
and a red shift of the maxima takes place. Upto 8 M urea, a gradual increase 
in the emission intensity was observed. The changes in the emission 
wavelength at 360 nm are summarized in fig. 4.1.12 (inset). Since similar 
results were observed for PMC 1 and II, thus the figure shows the results for 
PMC 1 only. 
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Figure 4.1.11: Fluorescence spectra of PMC I and II (as a function of time). 
Fluorescence spectra of PMC I and II (0.2 mg/ml) were recorded in 
the wavelength range of 300-400 nm, using xenon arc lamp as the 
light source. Cells with 1 cm pathlength were used and PMC 
solutions were prepared in sodium phosphate buffer (25 mM, pH 
7.0). Fig.4.1.11 shows the fluorescence emission spectra taken at 
different time points (30-330 min, from top to bottom) before and 
after the addition of urea. 
A represents PMC I while B represents PMC II. Average of three 
scans were taken. 
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Figure 4.1.12: Fluorescence spectra of native and denatured PMC I and II (as a 
function of concentration). 
Fluorescence emission spectra of PMC I and II was taken under 
native conditions and in the presence of 8 M urea. The native protein 
( ) was in 25 mM sodium phosphate buffer (pH 7.0), the unfolded 
sample (-) was preincubated for 6 h in the presence of 8 M urea. The 
fluorescence of the native enzyme at 338 nm was taken as 100%. 
Fluorescence emission spectra were then recorded at different urea 
concentration by taking suitable aliquots in the wavelength range of 
280 to 480 nm. The cells with 1 cm path length were used and an 
average of 3 scans was taken. The inset shows the red shift in the 
wavelength of the maximum fluorescence emission, and the relative 
changes in fluorescence emission intensity at 360 nm as a function 
of urea concentration. Results were same for PMC I and II, therefore, 
results for only PMC I has been shown. 
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4.5.2 Circular Dichroism (CD) spectra of Native and urea 
complexed PMC I and II in far UV region 
(a) As a function of time 
The results of far UV-CD in the presence and absence of urea are 
shown in Fig. 4.1.13. Analysis of model CD spectra was used in interpreting 
spectral changes. Positive and negative changes near 200 nm are 
representatives of ^-sheet and extended coil conformations respectively. 
Results in Fig. 4.1.13 implicate that as PMC I and II unfold, a decrease in the 
negative feature near 200 nm is consistent with the loss of extended coil and 
an increase in a sheet like structure. The observed increase in the negative 
feature near 220 nm also supports an increase in sheet like conformation, as 
PMC I and II unfold. Thus the changes observed in the CD spectra of PMC 1 
and II after unfolding are indicative of a loss of hydrated, extended coil 
structure and an increase in sheet like structure. Results were same for both 
PMC I and II. Figure 4.1.13 shows the results for PMC I only. 
(b) As a function of concentration 
Fig. 4.1.14 shows the far UV-CD spectra of native PMC, and PMC 
preincubated with urea solutions of different concentrations. The spectrum of 
native PMC crosses the baseline from negative to positive at 197 and 199 nm 
and is characterized by a flat region between two negative minima around 210 
and 220 nm. The inset (fig. 4.1.14) shows that molar ellipticity at 222 nm 
changes towards more positive values in the range of 1-1.8 M urea, followed 
by a smoother change upto 8 M urea. PMC incubations with urea solutions 
result in urea concentration dependent loss in ellipticity and a red shift of the 
wavelength at which the signal crosses from negative to positive ellipticity 
values. 
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Figure 4.1.13: Far UV CD spectra of PMC I complexed with urea (as a function 
of time) 
A: Far UV CD spectra at different time points during the unfolding of 
PMC I. The dashed line (—) represents the spectrum before the 
addition of urea. The solid lines (-) represent spectra collected at 
various time points (i.e. 30, 60, 120, 240, 300 and 330 min, from 
bottom to top), after the addition of urea. 
B: Change in ellipticity at 200 and 220 nm as a function of time. Far UV 
CD measurements were made at 25°C. Spectra were collected by 
placing PMC I solution (0.2 mg/ml) between two quartz windows 
with a 0.02 cm path length. PMC solution were prepared in 25 mM 
sodium phosphate buffer (pH 7.0). Spectra were recorded with a scan 
speed of 50 nm"' with a 2s response time and an average of four 
scans was taken. Results were same for PMC I and 11. 
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Figure 4.1.14: Far UV CD spectra of PMC I complexed with urea (as a function 
of concentration) 
Far UV CD spectra of PMC I and II complexed with urea was taken 
after incubating PMC I with selected concentrations of urea before 
the spectra were recorded. Concentration of urea taken were: 0 (•), 
1.2 (A), 1.5 (A), 1.8 (o), 3.0 (0) and 8 M (•). For the sake of clarity, 
the spectra collected with other concentrations are not shown. Inset 
shows the transition curves of PMC I as measured by changes in 
ellipticity at 222 nm. An average of four scans was taken and cells 
with 0.02 cm path length were used. Results were same for PMC I 
and II. Figure shows the results for PMC I only. 
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4.6 Rotatory Electron Microscopy (REM) of Native and Urea 
complexed PMC I and II 
Rotatory electron microscopy was done to see the shape of intact PMC 
I and II and to see the changes in the shape of PMC I and II after their 
interaction with urea. In this study, the most commonly observed structure is 
a linear array of globular nodules (native PMC I and II) which differ in size 
from one another, as shown in Fig. 4.1.15 (A-H). The average length of the 
molecules were 18 ± 6 nm (n=360). The end globular region had a diameter of 
6.0 ± 1.4 nm. Results demonstrated in Fig. 4.1.15 (A-H) show a gradual 
change in the shape of PMC I and II, after treatment with 2, 4, 6 and 8 M 
urea. 
4.7 KINETICS OF INHIBITION 
The stoichiometry of association of purified PMC I and II was 
determined by incubating a fixed concentration of papain with increasing 
concentration of inhibitors. Caseinolytic activity of papain using casein as a 
substrate was determined in the presence of PMC I and II. A linear increase in 
the inhibitory activity upto 90% was observed for both the inhibitors 
indicating a complete association between the enzymes and inhibitors under 
these conditions. PMC I and II interact with papain, bromelain and ficin with 
a molar ratio of 1:2 which implicates that 1 mole of PMC I and II interact 
with 2 moles of papain, bromelain and ficin which is comparable to tomato 
cytatin which contains eight papain binding domains (Wu and Haard, 2000), 
however, Clitocypin has the inhibitor/enzyme binding stoichiometry of 1:1.1 
(Brzin et al., 2000). 1:2 stoichiometry of human HMWK binding with papain 
had been earlier confirmed by Turk et al (1996). 
4.7.1 Kj Determination 
Kj values have been determined after lowering the papain and inhibitor 
concentrations, which favour the dissociation of the complexes, and using the 
steady state equation derived by Krupka and Laidler (1959). 
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Figure 4.1.15: Rotatory electron microscopy of PMC I and II complexed with 
different concentrations of urea 
A and E: formation of globular nodules (intact PMC I and II 
respectively) 
B, C and D: PMC I treated with 1.5, 3.0 and 6 mM urea. 
F, G and H: PMC II treated with 1.5, 3.0 and 6 mM urea. 
The average length of the molecules were 18 ± 6 nM (n = 360 nm). 
The end globular regions had a diameter of 6.0 ± 1.4 nm. 
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Fig. 4.1.16 (A and B) shows that Kj (app) increases as a function of the 
substrate concentration for both the inhibitors. The true Kj value may be 
obtained from a replot of Kj (app) against [S]. The Kj (app) value obtained 
from the plot with papain were 0.208 x 10"^  for PMC I (fig. 4.1.16 A) and 
2.19 X 10-^  M for PMC II (fig. 4.1.16 B). 
Fig. 4.1.17 depicts the K, (app) value determination for PMC I and II using 
the enzyme ficin. The values thus obtained were 4.93 X iQ-'o for PMC I and 
3.1 X 10"'° M for PMC II (Fig. 4.1.17 A and B). However, the Kj values 
obtained with bromelain were 5.1 x 10"^  for PMC I and 3.2 x IQ''' M for PMC 
II (Fig. 4.1.18 A and B). The K, (app) value is lowest for papain thus the 
purified cystatins have highest affinity for papain. 
4.7.2 IC 50 Value 
IC50 is the concentration of the inhibitor at which 50% of the enzyme is 
inhibited. The IC50 and Kj values obtained with various thiol proteinases have 
been summarized in Table 4.3. The values obtained for three thiol proteinases 
are comparable indicating that the affinities of these proteinases are similar 
with papain having maximum affinity for PMC I and II (0.09 and 0.11 |aM). 
Ficin has IC50 value of 0.1 |iM and 0.08 \iM for PMC I and II respectively. 
IC50 value for bromelain was found to be 0.12 and 0.2 \iM, for PMC I and II 
respectively. 
4.7.3 Association Rate Constant (k+i) 
Association rate constants (k+i) were calculated for the three thiol 
proteinases assuming that enzyme and either inhibitor react in such a way that 
the dissociation rate is low enough to neglect the reverse reaction during the 
initial part of the reaction. The equation obtained was 
1 _ 1 
[E]~[EJ 
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Figure 4.1.16: Kj determination with papain. 
Papain was used at a final concentration of 0.05 ^M to react with 
increasing amounts of PMC I and II (0.01 - 0.17 ^M). 
Measurements of residual activity were made as described in 
methods section using casein as a substrate. Four different substrate 
concentrations were used i.e. 0.5 Km, 1 Km, 2 Km and 3 Km, with 
Km = 2.88 X 10"^ . For the sake of clarity, only the results obtained for 
[S] = 1 Km for PMC I (A), and [S] = 0.5 Km for PMC II (B) are 
shown. The inset shows the replot of experimental Ki (app) values 
versus [S]. Intercepts on the ordinate gives the true Ki value. 
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Figure 4.1.17: Ki determination with ficin 
Ficin was used at a final concentration of 0.05 \iM with increasing 
amounts of PMC I and II (0.01 |J.M - 0.17 \xM) and measurements of 
residual activity were made as described in methods section using 
casein as a substrate. Four different substrate concentrations were 
used, i.e. 0.5 Km, 1 Km, 2 Km and 3 Km with Km = 2.88 x 10"^  M. 
For the sake of clarity only the results obtained for [S] = 0.5 Km for 
PMC I (A) and [S] = 0.5 Km for PMC II (B) are shown. The inset 
shows the replot of experimental Ki (app) values versus [S]. 
Intercepts on the ordinate gives the true Ki value. 
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Figure 4.1.18: Ki determination with bromelain. 
Bromelain was used at a final concentration of 0.05 (i.M with 
increasing amounts of PMC I and II (0.01 jj,M - 0.17 jiM) and 
measurements of residual activity were made as described in 
methods section using casein as a substrate. Four different substrate 
concentrations were used, i.e. 0.5 Km, 1 Km, 2 Km and 3 Km with 
Km = 2.88 X 10"^  M. For the sake of clarity only the results obtained 
for [S] = 0.5 Km for PMC I (A), and [S] = 3 Km for PMC II (B) are 
shown. The inset shows the replot of experimental Ki (app) values 
versus [S]. Intercepts on the ordinate gives the true Ki value. 
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Data in Fig. 4.1.19 (A and B) show the replots of I/[E] versus time 
with papain. The slope of the straight line obtained gives (k+i) which is 1.48 x 
10^ and 6.06 x 10^ M"'S"' for PMC I and II respectively. 
The association rate constants obtained for ficin were 5.29 X lO'' and 
8.6 X lO"* M''S"' for PMC I and II respectively (Fig. 4.1.20 A and B). For 
bromelain the association rate constant was calculated to be 8.0 x lO'' and 7.0 
X lO"* M"'S"' for PMC I and II respectively (Fig. 4.1.21 A and B). 
4.7.4 Dissociation Rate Constant (k.i) 
The conditions for the dissociation were taken such that the enzyme-
inhibitor complex obeys first order kinetics during the initial part of the 
reaction. 
In this case the integrated form of dissociation rate equation is given by 
[EI 
In 
log 
[EI]o, 
[EI] 
[EI] 
= k , t 
2.303 
k.i obtained with papain was 1.13 x 10"^  and 1.29 x 10"^  S'' for PMC I 
and II respectively (Fig. 4.1.22 A and B), for ficin the k.i determination gave 
T -J 1 
the value of 2.3 x 10' and 5.7 x 10" S" for cystatins respectively (Fig. 4.1.23 
A and B). The dissociation rate constant for bromelain was 5.46 x 10"'' and 
3.0 X 10"^  S"' for PMC I and II, respectively (Fig. 4.1.24 A and B), k.i value is 
lowest for bromelain, this result is in accordance with the highest k+i for 
bromelain. 
4.7.5 Half Life of the complex: 
Half life of the enzyme inhibitor complex calculated with papain was 
observed to be 0.09 and 0.11|iM for PMC I and II respectively, while with 
ficin it was 0.1 and 0.08 [iM. and for bromelain the half life was calculated to 
be 0.12 and 0.2 |iM for PMC I and II respectively. The kinetic parameters 
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Figure 4.1.19: Determination of association rate constants for papain. 
Equimolar concentrations of papain and PMC I and II (0.05 )j,M) 
were incubated and residual activity (Vi) was measured as a function 
of time for PMC I (A), and PMC II (B). The fractional activity ViA^ o 
is plotted against time. Insets represent a plot of the data in 
accordance with equation (4). 
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Figure 4.1.20: Determination of association rate constants for ficin. 
Equimolar concentrations of ficin and PMC I and II (0.05 pM) were 
incubated and residual activity (Vi) was measured as a function of 
time for PMC I (A), and PMC II (B). The fractional activity VJA/Q is 
plotted against time. Insets represent a plot of the data in accordance 
with equation (4). 
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Figure 4.1.21: Determination of association rate constants for bromelain. 
Equimolar concentrations of bromelain and PMC I and II (0.05 i^ M) 
were incubated and residual activity (Vi) was measured as a function 
of time for PMC I (A), and PMC II (B). The fractional activity VjA^ o 
is plotted against time. Insets represent a plot of the data in 
accordance with equation (4). 
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Figure 4.1.22: Determination of dissociation rate constants with papain. 
Papain-PMC I and II complexes (1 fxM) were preincubated for 30 
min at 40°C before excess substrate was added to the mixture. 
Appearance of papain activity was recorded as a function of time. 
Insets shows plots of the data. 
A: PMC I. 
B: PMC II. 
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Figure 4.1.23: Determination of dissociation rate constants with ficin. 
Ficin-PMC I and II complexes (1 |aM) were preincubated for 30 min 
at 40''C before excess substrate was added to the mixture. 
Appearance of ficin activity was recorded as a function of time. 
Insets shows plots of the data. 
A: PMC I. 
B: PMC II. 
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Figure 4.1.24: Determination of dissociation rate constants with bromelain. 
Bromelain-PMC I and II complexes (1 jiM) were preincubated for 30 
min at 40°C before excess substrate was added to the mixture. 
Appearance of bromelain activity was recorded as a function of time. 
Insets shows plots of the data. 
A: PMC I. 
B: PMC II. 
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TABLE 4.3 
KINETIC PARAMETERS FOR THE INTERACTION BETWEEN PMC-I 
AND PMC-II WITH PAPAIN, FICIN AND BROMELAIN 
Papain 
PMC-I 
PMC-II 
Ficin 
PMC-I 
PMC-II 
Bromelain 
PMC-I 
PMC-II 
Ki(M) 
0.208±0.02xl0'^ 
2.19+0.3x10"^ 
4.93±0.03xl0-i° 
3.1±0.02xl0-'° 
5.1+0.01x10'^  
3.2±0.02xl0"^ 
ICSOCMM) 
0.09 
0.11 
0.1 
0.08 
0.12 
0.2 
Results present the mean ± SEM calculated from three independent experiments. 
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TABLE 4.4 
KINETIC AND EQUILIBRIUM CONSTANTS FOR THE INTERACTION 
BETWEEN PMC-I AND PMC-II WITH PAPAIN, FICIN AND 
BROMELAIN 
Papain 
PMC-I 
PMC-II 
Ficin 
PMC-I 
PMC-II 
Bromelain 
PMC-I 
PMC-II 
K+, (M-'S"') 
1.48±0.2xl0^ 
6.6±0.2xl0^ 
5.29±0.1xl0^ 
8.610.1x10'* 
8.0±0.1xlO^ 
7.010.2x10'' 
K., (S-') 
1.1310.2x10"^ 
1.2910.2x10"^ 
2.310.1x10"^ 
5.710.1x10"^ 
5.4610.110"'' 
3.010.1x10"^ 
Half life of complex 
6.1310.2x10^ 
5.3710.2x10' 
3.0110.1x10^ 
1.2210.01x10^ 
1.2710.01x10^ 
2.3110.02x10^ 
Results present the mean 1 SEM calculated from three independent experiments. 
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Thiol proteinase inhibitors constitute the ultimate level of regulation of 
the overall cellular activity of cysteine proteinases (Sotiropoulou et ai, 
1997). These proteinases are involved in diverse array of functions involving 
specific processing or more general degradation of proteins in a variety of 
organisms, including viruses, fungi, plants and animals. They are present in 
seeds of all the plants and are involved in the mobilization of protein 
reserves, plant senescence, prevention of unwanted proteolysis, plant 
programmed cell death and thus provide powerful regulatory systems to the 
plants. The unique properties of cysteine proteinase inhibitors of the plant 
system are indeed engrossing and have attracted remarkable attention in the 
recent decade. The cysteine proteinase inhibitors that show amino acid 
sequence similarity to animal cystatins are referred to as the phytocystatins 
(Abe et al., 1991). Oryzacystatin is the first well defined phytocystatin (Abe 
et al., 1991; Abe et al., 1987a), it occurs in the endosperm of rice Oryza 
sativa L. japonica and has potent inhibitory activity against papain (EC 
3.4.22.2). 
Purification of plant cysteine proteinase inhibitors have been reported 
in seeds of plants of many botanical families (Rele et al., 1980; Fernandes et 
al., 1991). Phytocystatins have been isolated from cereal seeds like maize, 
rice (Abe and Arai, 1985) and barley (Koehler and Ho, 1990). Extensive work 
has been carried out for the purification and characterization of these 
inhibitors from plant sources using various isolation procedures. Some of the 
important legumes from which inhibitors of thiol proteinases have been 
isolated and purified are: Vigna unguiculata as well as other leguminous 
seeds like, Phaseolus lunatus and Adenanthara pavonina which contains at 
least three different classes of papain inhibitors based on their molecular 
weight: a low molecular weight (5-12 kDa), a high molecular weight (60-90 
kDa) (Silva et al., 1991), and an intermediate class of 20-30 kDa. Seeds of 
mung bean {Phaseolus aureus) contain small molecular weight (2-12 kDa) 
inhibitors active towards a cysteine proteinase isolated from the same seeds 
(Baumgartener and Chrispeels, 1976). Phaseolus mungo (Urd), a commonly 
used Indian legume, was chosen for the present study because this easily 
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available pulse is routinely consumed in Indian households as an edible cereal 
in various forms. 
Thus, it was envisaged that a thorough and systematic study of thiol 
proteinase inhibitor from the new source i.e. Phaseolus mungo, will be useful 
in understanding in depth about phytocystatins and to compare its properties 
with other known cystatins of plant and mammalian system. 
The purification of Phaseolus mungo cystatin was achieved using a 
simple and convenient two step procedure which includes ammonium sulphate 
fractionation, and gel filtration chromatography. Two purified proteins with 
thiol proteinase inhibitory activity, differing in their molecular weights were 
obtained (Fig. 4.1.1). A total of 2.9 and 3.7 mg of PMC I and II with a fold 
enrichment of 1333.3% and 1348.5%, and yield of 18.18 and 16.35 were 
purified respectively (Table 4.1). The yield and fold purification was higher 
than those reported for phytocystatin isolated from methyl jasmonate treated 
tomato plants by Wu and Haard (2000). 
The purified PMC I and II gave a single band in PAGE (Fig. 4.1.2) and 
non-reducing SDS PAGE (Fig. 4.1.3A). When SDS PAGE was performed in 
reducing and denaturing conditions, again single protein bands were obtained 
for the two cystatins, with a molecular mass corresponding to 19 kDa and 17 
kDa respectively, for PMC I and II (Fig. 4.1.3 B). These results implicate that 
the two proteins are constituted by a single polypeptide chain and are devoid 
of any subunit structure. It has also been reported that most of the 
phytocystatins are 6-12 kDa in size and contain no disulphide bonds (Barrett, 
1987). Molecular weight determination by gel filtration chromatography on 
sephacryl S-100 column revealed the same molecular mass (19 and 17 kDa) of 
PMC I and II respectively (Fig. 4.1.4). 
The molecular mass of PMC I and II was further assessed by mass 
spectrometry (MALDI-TOF analysis).The molecular mass of these proteins, 
as analysed by mass spectrometry were found to be 19124.36 and 17510.22 
daltons respectively (Fig. 4.1.5), which is very similar to that investigated by 
SDS PAGE. It has also been reported that molecular mass of type I and II 
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animal cystatins are in the range of most of the reported phytocystatins 
(Fernandes et al., 1993; Kondo et al., 1990), for example, A cysteine 
proteinase inhibitor isolated from the fruit bodies of Clitocypin nebularis has 
been reported with a molecular mass of 17 kDa (Brzin et al., 2000). 
Hence, on the basis of molecular mass PMC I and II resemble type II 
cystatins of the mammalian system, however, in general they belong to the 
category of the new class of cystatins, i.e. type IV or phytocystatins. 
Hydrodynamic parameters for the inhibitors as determined from gel 
filtration behaviour suggested a stokes radius of 26.4 and 20.5 A for PMC I 
and II respectively (Fig. 4.1.6). The diffusion coefficients for PMC I and II 
were computed to be 0.844 x 10"''^  cmVs and 1.08 x 10"''* cmVs, respectively. 
The compact globular protein like BSA has a diffusion coefficient of 6.7x 10-
^cm^/s and stokes radius of 37 A indicating that PMC I and II are low 
molecular weight compact globular proteins. 
The above findings show that PMC I and 11 differ slightly on the basis 
of their molecular weight, stokes radius and carbohydrate content. 
Furthermore, both the inhibitors are devoid of free thiol groups characteristic 
similar to type I cystatins (Barrett, 1984). On the basis of these properties 
PMC I and II resemble type II cystatins of the mammalian system. 
Results shown in Fig. 4.1.7 (A and B) implicate that both PMC I and II 
are stable upto 24 h of incubation at 37°C and do not show autolysis. 
Carbohydrate content in PMC I and II was only 1% and 1.4% respectively, 
which is insignificant. Furthermore, both the cystatins are devoid of free thiol 
groups. Generally, type I and II cystatins of mammalian system lack 
carbohydrate content and are devoid of free thiol groups (Barrett, 1984). 
The phytocystatins retained 100% activity upto 75° C at pH 7.0, 
however, there was 19% decline in activity at 90° C as shown in Fig. 4.1.9. 
Results in Fig. 4.1.8 show that both the cystatins (PMC I and II) retained 
about 79% inhibitory activity at pH 4.0 and there was 83% inhibitory activity 
at pH 8.0, which is indicative of the fact that PMC I and II are highly stable 
towards high temperature and pH range, as are other phytocystatins like 
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Clitocypin (Brzin et al., 2000). Furthermore, it has also been reported that 
most of the purified phytocystatins are stable to extremes of temperature and 
pH (Pernas e/a/., 1998). 
These inhibitors were found to be immunologically identical migrating 
as a single precipitin line on immunodiffusion plate when treated with the 
antiserum against PMC I and II respectively (Fig. 4.1.10 a and b). 
Furthermore, antisera of PMC I was cross reacted with PMC II, likewise, 
antisera of PMC II was cross reacted with PMC I (Fig. 4.1.10 c and d). In 
both the cases a single precipitin line was obtained which supported the fact 
that both PMC I and II are pure, and immunologically identical to each other. 
No immunological identity was observed when PMC I and II were cross 
reacted with animal cystatins isolated from human placenta (Rashid et al., 
2005). 
Cystatins are known to possess antimicrobial activity. Bjorck et al 
(1990) reported that the human cystatin C blocks herpes simplex virus 
replication and human corona viruses (Collins and Grubb, 1997). 
Antibacterial property of PMC I and II was analysed on three bacterial 
strains. The zone of inhibition obtained suggests that S. aureus is most 
susceptible to cystatin inhibition and B. subtilis is least effected (Table 4.2). 
However, this observation does not give any idea regarding the mode of 
action of PMC I and II. Antifungal activity of thiol proteinase inhibitors like 
sugarcane cystatin has been reported in earlier studies also (Soares-costa et 
al., 2002). 
It is well known that proteins unfold under the action of denaturants 
like GdnHCl and urea. Analysis of solvent denaturation curves using urea can 
provide a measure of conformational stability of a protein (Pace, 1975; Yao 
and Bolen, 1995). Despite the widespread work in this front, description of 
the interaction of urea with proteins is not complete owing to the complex 
structure of proteins. Our current understanding of the protein 
folding/unfolding mechanism is from intense studies on denaturation of 
proteins using both theoretical and biophysical methods (Ballery et al., 1993; 
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Wuthrich, 1994), and study of denatured states provide an insight to 
understand the mechanism of unfolding. 
Urea is the most common denaturants, used for probing the protein 
conformation, stability and unfolding studies. This denaturant shows different 
behaviour towards different proteins, for example, prostaglandin d-synthase, 
in the presence of urea, shows an increase in the enzyme activity at lower 
concentrations which is a deviation from classic behaviour of denaturants 
(Invi et al., 2003). Protein denaturation is a highly cooperative process, which 
for small globular proteins may be approximated by a two state model and no 
significant intermediates are present during the transition N-D (Aune and 
Tanford, 1969). 
The fluorescence emission spectra of PMC I and II complexed with 
urea, was taken as a function of time. Results shown in Fig. 4.1.11 (A and B) 
implicate that, at 30 min of incubation quenching of fluorescence emission is 
least, but as the incubation time of PMC I and II with urea is increased, 
quenching increases successively. These spectroscopic changes resulting in 
decrease in fluorescence emission may be due to perturbations in the 
environment of aromatic amino acid residues in the protein. Quenching of 
fluorescence increased to 8.2% in PMC II as compared to PMC I. 
Urea induced conformational transitions were also monitored by 
fluorescence spectroscopy (as a function of concentration) by following the 
changes in the maximum fluorescence emission. Results shown in Fig. 4.1.12 
show that maximum fluorescence emission was absorbed at 338-342 nm, 
which shifted to 358-360, upon denaturation with 8 M urea. An increase in 
fluorescence emission intensity was observed from 0.2-1 M urea and a 
decrease in the emission intensity and a gradual red shift of the maximum 
emission of the intrinsic protein fluorescence was observed at a concentration 
higher than 1 M urea. 
Circular dichroism (CD) is a convenient and widely used method for 
studying the conformational changes of globular proteins in solutions 
(Proventure and Glockner, 1981). The or-helical structure in far UV CD is 
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characterized by negative peaks at 208-210 nm and 222 nm and a positive 
peak between 190-192 (Jirgensons, 1970; Saxena and Wetlaufer, 1971; Chen 
et al., 1972). The results of far UV CD of PMC I and II complexed with urea 
(Fig. 4.1.13 A and B) show that as PMC unfolds, a decrease in the negative 
feature near 200 nm leads to increase in sheet like conformation which was 
also observed with an increase in negative feature near 220 nm. Fig. 4.1.13 A 
shows the results at different time points (30-330 min) during unfolding of 
PMC, Fig. 4.1.13 B shows the change in ellipticity at 200-220 nm as a 
function of time. Thus the CD data reveals that, as the collapse proceeds 
slowly, a decrease in the amount of extended (hydrated) coil structure and an 
increase in the sheet like hydrophobic interactions is observed over a longer 
time scale (5-150 min). 
Changes in the secondary structure of PMC I and II by urea induced 
unfolding were also monitored by far UV CD (as a function of increasing urea 
concentration). Results in Fig. 4.1.14 show that molar ellipticity at 222 nm 
changes towards more positive values in the range of 1-1.8 M urea, followed 
by a smoother change upto 8 M urea. Upon 1.2 M, the spectra showed a 
negative minima peak at 212 nm with an increase in the ratio of [0]2i2/[6]220, 
reaching a maxima at 1.2 M urea. PMC incubations with urea solution results 
in, (a) change in shape of the CD spectrum, (b) urea concentration dependent 
loss in ellipticity and, (c) a red shift of the wavelength at which the signal 
crosses from negative to positive ellipticity values. 
The above mentioned results give a detailed idea about the structure 
of PMC I and II, and we conclude that these phytocystatins have a 
predominant or-helical structure, which after interaction with urea shows an 
increase in sheet like structure. Both the inhibitors have a low content of 
aromatic amino acid residues and lack disulphide bonds. Phytocystatins are 
important for the survival and overall development of the plant system, and it is of 
utmost consequence that their conformation should be stable for maximum functional 
activity. Thus the above results have shed some light on the structural alterations and 
loss of function which can result due to exposure of these proteins to denaturants and 
thus it may effect the normal functioning of the inhibitor. 
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These results further show the structures of PMC I and II in different 
conditions. However, a detailed conformational analysis of phytocystatins must await 
the results of X-ray crystallographic studies of phytocystatin-urea complex. 
Rotatory shadowing of proteins dried in the presence of glycerol has 
allowed the visualization of a wide variety of proteins with relatively few 
artifacts, since glycerol appears to protect against distortion during drying 
(Fowler and Aebi, 1983). Visualization of the structure of proteins with low 
molecular mass, by electron microscopy, requires careful attention to vhe 
details of specimen preparation technique. PMC I and II were found to be 
globular in shape as investigated by rotatory electron microscopy (Fig.4.1.15 
A, E). A linear array of globular nodules (native PMC I and II) was seen with 
an average length of 18 ± 6 nm (n - 360) and a diameter of 6.0 ± 1.4 nm. 
After interaction with 2, 4 and 6 mM urea, a gradual change in the shape of 
PMC I and II was observed, as shown in Fig. 4.1.15 (B-D, F-H). At 8 mM 
urea the extent of damage to PMC I and II was such that it was impossible to 
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visualize the proteins. 
Stoichiometry of binding of PMC I and II with papain, bromelain and 
ficin was determined by titration of the proteinases with the inhibitor. The 
PMC: thiol protease stoichiometry of 1:2 was obtained for papain, bromelain 
and ficin which implicates that, 1 mole of PMC I and II interact with 2 moles 
of papain, domain structure of phytocystatins has been reported for tomato 
cystatin which contains eight papain binding domains (Wu and Haard, 2000) 
and Clitocypin, in which the inhibitor/enzyme binding stoichiometry is 1:1.1 
(Brzin et al., 2000). The binding ratio of 1:2 has also been observed by Bjork 
ero/(1989). 
The two proteins are potent inhibitors of thiol proteinases as is evident 
by their Ki values. It was readily apparent that the degree of inhibition varied 
with absolute concentration of the inhibitor. A Ki value of 0.208 x 10"^  and 
2.19 X 10"^  M was obtained for papain (Fig. 4.1.16 A and B), for ficin Ki 
values obtained are 4.93 x ]0"'° and 3.1 x ]0' '° M (Fig. 4.1.17 A and B), 
whereas for bromelain these values are 5.1 x IQ'^  and 3.2 x 10"^  M (Fig. 
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4.1.18 A and B), for PMC I and II respectively. A comparison of Ki (app) 
values indicates that PMC has highest affinity for papain, then ficin and least 
with bromelain. 
The above mentioned values of Ki are in good comparison with thiol 
proteinase inhibitors obtained from mammalian system (Rashid et al., 2004). 
The increasing values of Ki with increase in substrate concentration suggests 
the inhibition to be competitive (Figs. 4.1.16, 4.1.17 and 4.1.18). Studies from 
our lab report a competitive type of inhibition in cystatin purified from human 
placenta (Rashid et al., 2004). However, our results are also comparable with 
the results obtained by Oliviera et al (2004) and Brzin et al (2000) who 
reported non-competetive inhibition in phytocystatins. 
The IC50 values have been summarized in Table 4.3. PMC I and II have 
IC50 value of 0.09 and 0.11 |iM with papain, and highest value of 0.12 and 0.2 
|iM with bromelain. Low IC50 values suggest a greater affinity of inhibition 
towards the enzyme. Hence, the lowest IC50 value of papain further supports 
the higher affinity of purified PMC I and II, for papain. Kominami (1984), 
have found the IC50 value of 0.16 |ig for papain, for the inhibitor isolated 
from rat liver, and 0.46 |ig for ficin, IC50 value of 4.2 |ig for cathepsin B and 
0.14 (jg for cathepsin H. 
Tight binding inhibitors have high association rate constants. Among the 
three thiol proteinases, as expected, papain has highest k+i (association rate 
constant) of 1.48 x 10^ and 6.06 x lO' M"'S"' for PMC I and II respectively 
(Table 4.4). Although bromelain exhibited lowest affinity, but its k+i is higher 
than that obtained for ficin with PMC I. It is quite difficult to explain the 
discrepancy between Ki and k+i value obtained for papain and bromelain. Figs. 
4.1.19, 4.1.20 and 4.1.21 (A and B) show the k+i values with papain, ficin and 
bromelain respectively. Higher values of k+i have also been obtained by Bjork 
and Ylinenjarvi (1989) for chicken cystatin. The proteinases having low Ki have 
high k.i and low k+i and half life of the complex. Figs. 4.1.22, 4.1.23 and 4.1.24 
(A and B) show the k.i values for PMC I and II with papain, ficin and bromelain 
respectively. 
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Hence, the data presented in Table 4.3 and 4.4 provides a 
comprehensive information about the kinetic behaviour of PMC I and II with 
papain, ficin and bromelain, showing lowest Ki (app) with papain and 
inhibition of bromelain, although with high Ki (app) value. 
In conclusion, we have purified two thiol proteinase inhibitors 
designated as PMC I and II and characterized them on the biochemical and 
biophysical basis. The present study clearly establishes PMC I and II as 
phytocystatins that show new structural and functional features some of which 
resemble previously known phytocystatins, moreover, their properties also 
resemble with type I and type II cystatins of the mammalian system. Further 
studies are needed to establish the precise physiological functions of these 
new inhibitors in Phaseolus mungo. 
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5 BIOCHEMICAL AND BIOPHYSICAL CHANGES 
INDUCED IN PMC I AND PMC II BY FUNGICIDES SDD 
AND ZINEB 
In the past four decades pesticides have been used in weed control 
with agriculture benefits because they provide more effective and 
economical means than traditional mechanical methods. The huge 
consumption of herbicides and fungicides can lead to potentially adverse 
effects on humans, plants and useful animals owing to putative toxic action 
of most compounds. Despite several studies indicative of noxious effects of 
pesticides on plants, the biochemical and biophysical effects of these 
compounds on cystatins are poorly understood. Pesticides are one of the 
major causes of free radical generation and their direct or indirect exposure 
to humans may lead to several disorders. Keeping in view the importance of 
phytocystatins in the plant kingdom, it was thought worthwhile to 
investigate the interaction of PMC I and II with some fungicides and 
herbicides used widely in the present day agricultural practices. 
5.1 Analysis of the interaction of PMC I and II with different 
concentrations of SDD by PAGE 
Native PAGE was done to see if there is any change in the 
electrophoretic behaviour of the inhibitor after its interaction with SDD. 
Effect of incubation of SDD with PMC I and II are presented in Fig. 5.1.1 
(A, B, C and D). These figures illustrate the effect of fungicide toxicity on 
purified PMC I and II. Fig. 5.1.1 (A and B) show the electrophoretic profile 
of PMC I and II incubated with SDD (1, 1.5 and 3 mM.) for 2 and 4 h 
respectively. The results of PMC I and II incubated for 6 - 8 hrs are shown 
in Fig. 5.1.1 (CandD) . 
5.2 Analysis of the interaction of PMC I and II with different 
concentrations of Zineb by PAGE 
Figs. 5.1.2 (A-D) show the effect of fungicide Zineb on PMC I and II. 
Fig. 5.1.2 (A and B) show the electrophoretic profile of PMC I and II 
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Figwre 5.1.1: Gel electrophoresis (PAGE, 7.5%) of fungicide SDD with 
PMC I and II 
A and B: Polyacrylamide gel electrophoresis of cystatins after 
co-incubating SDD with a fixed concentration of cystatins (1.5 
mM) for 2 and 4 h at 37°C. A represents PMC I, and B 
represents PMC II. 
Lane a: untreated cystatins (1.5 mM). 
' Lane b: cystatin and SDD (1 mM) co-incubated for 2 h. 
Lane c: cystatin and SDD (1 mM) co-incubated for 4 h. 
Lane d: cystatin and SDD (1.5 mM) co-incubated for 2 h. 
Lane e: cystatin and SDD (1.5 mM) co-incubated for 4 h. 
Lane f: cystatin and SDD (3 mM) co-incubated for 2 h. 
Lane g: cystatin and SDD (3 mM) co-incubated for 4 h. 
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Figure 5.1.1: Gel electrophoresis (PAGE, 7.5%) of fungicide SDD with 
PMC I and II 
C and D: Polyacrylamide gel electrophoresis of cystatins after co-
incubating SDD with a fixed concentration of cystatin (1.5 mM) for 
6 and 8 h at 37°C. C represents PMC I, and D represent PMC II. 
Lane a: untreated cystatin (1.5 mM). 
Lane b: cystatin and SDD (1 mM) co-incubated for 6 h. 
Lane c: cystatin and SDD (1 mM) co-incubated for 8 h. 
Lane d: cystatin and SDD (1.5 mM) co-incubated for 6h. 
Lane e: cystatin and SDD (1.5 mM) co-incubated for 8 h. 
Lane f: cystatin and SDD (3 mM) co-incubated for 6 h. 
Lane g: cystatin and SDD (3 mM) co-incubated for 8 h. 
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Figure 5.1.2: Gel electrophoresis (PAGE, 7.5%) of fungicide Zineb with 
PMC I and 11 
A and B: Polyacrylamide gel electrophoresis of cystatins after 
co-incubating Zineb with a fixed concentration of cystatins 
(1.5 mM) for 2 and 4 h at 37°C. A represents PMC I, and B 
represents PMC II. 
Lane a: untreated cystatins (1.5 mM). 
Lane b: cystatin and Zineb (1 mM) co-incubated for 2 h. 
Lane c: cystatin and Zineb (1 mM) co-incubated for 4 h. 
Lane d: cystatin and Zineb (1.5 mM) co-incubated for 2 h. 
Lane e: cystatin and Zineb (1.5 mM) co-incubated for 4 h. 
Lane f: cystatin and Zineb (3 mM) co-incubated for 2 h. 
Lane g; cystatin and Zineb (3 mM) co-incubated for 4 h. 
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Figure 5.1.2: Gel electrophoresis (PAGE, 7.5%) of fungicide Zineb with 
PMC I and II 
C and D: Polyacrylamide gel electrophoresis of cystatins after 
co-incubating Zineb with a fixed concentration of cystatin (1.5 
mM) for 6 and 8 h at 37°C. C represents PMC I, and D 
represent PMC II. 
Lane a: untreated cystatin (1.5 mM). 
Lane b: cystatin and Zineb (1 mM) co-incubated for 6 h. 
Lane c: cystatin and Zineb (1 mM) co-incubated for 8 h. 
Lane d: cystatin and Zineb (1.5 mM) co-incubated for 6h. 
Lane e: cystatin and Zineb (1.5 mM) co-incubated for 8 h. 
Lane f: cystatin and Zineb (3 mM) co-incubated for 6 h. 
Lane g: cystatin and Zineb (3 mM) co-incubated for 8 h. 
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iiicubaled with Zincb ( I . 1.5 and 3 mM.j (or 2 and 4 h respectively. I lie 
resulls of PMC 1 and 11 ineuhaled for 6 - 8 lirs are shown in IMSJ,. 5.1.2 (C" and 
D). 
Results shown in Figs. 5.1.1 and 5.1.2 (A-D) indicate a progressixe 
Iragmentalion of PMC 1 and 11 with an increase in incubation time as well as 
the concentration o f S D D and Zineb. 
5.3 Effect of SDD and Zincb on the inhibitory activity of PMC I and 
II 
To establish whether the fungicides have a direct effect on PMC I and 
II (1.5 mM). the inhibitory activity of papain was determined after prior 
incubation of cystatins (2-8 h) at 37^'C with different fungicides (0.5-9 niM). 
Results shown in Table 5.1 show the decrease in the activity of cystatins 
after their interaction with fungicide SDD. while Table 5.2 indicates the 
change in the inhibitor) activity ol" PMC I and 11 after interaction with 
fungicide Zineb. Resulls presented in Tables 5.1 and 5.2 indicate a 
significant decrease in the activity oi' cystatins with increase in 
concentration of fungicides and increase in incubation time of cystatins with 
SDD and Zineb. A significant decrease in thiol proteinase inhibitory activity 
was observed at 9 mM concentration of fungicides, incubated with PMC I 
and II (1.5 mM) for 8 h. 
5.4 Analysis of the interaction of PMC I and II with SDD and Zineb 
by Fluorescence spectroscopy 
l luorescence spectroscop\ was performed to in\esligate the spectral 
changes after the interaction of PMC I and 11 with fungicides and herbicides. 
I'he cxslalin and fungicide solutions were incubated for 2 and 4 hrs and after 
each incubation (luorescence spectra were taken, lixcitalion wa\elenglh was 
284 nm, and emission spectra were taken in the wavelength range o[' 300 to 
400 nm with a slit width of 10 nm. fig. 5.1.3 illustrates the results of 
lluorescence emission spectra, fhe concentration of PMC I and II was fixed 
(I .5mM) while SDD concentration was \aried as I. 1.5 and 3mM. I he 
(luorescence emissitui spectra of both (he cystatins is summarized in 
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Figure 5.1.3: Fluorescence spectroscopy of PMC I and II treated with 
fungicide SDD 
Fluorescence emission spectra of fungicide treated cystatins 
were taken in the wavelength range of 300-400 nm, using 
xenon arc lamp as the light source. Cells with 1 cm path length 
were used and an average of four scans was taken. 
A and B: Fluorescence emission spectra of cystatin (1.5 mM) 
in the absence of SDD (uppermost curve) and the presence of 
increasing SDD concentration (1, 1.5, and 3 mM) obtained in 25 
mM sodium phosphate buffer (pH 7.0) after co-incubating SDD 
with cystatin for 2 h at 37°C. A represents emission spectra of 
PMC I, and B represents emission spectra of PMC II. 
C and D: Fluorescence emission spectra of cystatin (1.5 mM) 
in the absence of SDD (uppermost curve) and the presence of 
increasing SDD concentration (1, 1.5, and 3 mM) obtained in 25 
mM sodium phosphate buffer (pH 7.0) after co-incubating SDD 
with cystatin for 4 h at 37°C. C represents emission spectra of 
PMC I, and D represents emission spectra of PMC II. 
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Figure 5.1.4: Fluorescence spectroscopy of PMC I and II treated with 
fungicide Zineb 
Fluorescence emission spectra of fungicide treated cystatins 
were taken in the wavelength range of 300-400 nm, using 
xenon arc lamp as the light source. Cells with 1 cm path length 
were used and an average of four scans was taken. 
A and B: Fluorescence emission spectra of cystatin (1.5 mM) 
in the absence of Zineb (uppermost curve) and the presence of 
increasing Zineb concentration (1, 1.5, and 3 mM) obtained in 
25 mM sodium phosphate buffer (pH 7.0) after co-incubating 
Zineb with cystatin for 2 h at 37°C. A represents emission 
spectra of PMC I, and B represents emission spectra of PMC II. 
C and D: Fluorescence emission spectra of cystatin (1.5 mM) 
in the absence of Zineb (uppermost curve) and the presence of 
increasing Zineb concentration (1, 1.5, and 3 mM) obtained in 
25 mM sodium phosphate buffer (pH 7.0) after co-incubating 
Zineb with cystatin for 4 h at 37°C. C represents emission 
spectra of PMC I, and D represents emission spectra of PMC II. 
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Fig. 5.1.3 (A-D). Figs. 5.1.4 (A-D) show the fluorescence spectra of PMC I 
and PMC II treated with Zineb under similar conditions as for SDD. Results 
shown in Figs. 5.1.3 and 5.1.4 implicate quenching of fluorescence emission 
with increase in concentration as well as incubation time of fungicides with 
PMC I and II. At a concentration of 6 and 9mM of fungicides, cystatin 
fluorescence was fully quenched. (Results not shown). 
5.5 Interaction of SDD with PMC I and II analysed by Fourier 
Transform Infrared Spectroscopy (FTIR) 
FTIR spectroscopy was done to analyse the conformational changes 
during cystatin-fungicide interaction. The results further confirm the damage 
caused to cystatin as shown in previous investigations. Fig. 5.1.5 shows the 
original spectra of native (untreated cystatin) along with cystatin 
coincubated for 2 and 4 hrs consecutively with SDD (1.5 and 3 mM). The 
FTIR results summarized in Fig. 5.1.5 (A and B) further confirm the damage 
caused to PMC as is evidenced by a significant shift in the peak intensity i.e. 
from 1656.08 to 1621.55 (PMC I) and 1657.01 to 1619.88 (PMC II), after 
coincubating PMC (I and II) for 4hrs with SDD (3mM). 
5.6 Interaction of Zineb with PMC I and II analysed by Fourier 
Transform Infrared Spectroscopy (FTIR) 
In a similar way as for SDD, interaction of cystatins with Zineb 
resulted in a significant shift in the peak intensity from 1657.24 to 1622.15 in 
PMC I and 1656.01 to 1621.88 in PMC II, as shown in Fig.5.1.6 (A and B). 
Thus, the results summarized in Figs. 5.1.5 and 5.1.6 (A and B) and 
Tables 5.3 and 5.4 show significant changes in the secondary structure of 
PMC I and II from that of or-helix changed to lower wavenumber /?-sheet 
bands. 
112 
Figure 5.1.5: FTIR spectra of PMC I and II treated with fungicide SDD 
PMC solutions were prepared in 25 mM sodium phosphate 
buffer (pH 7.0), data was analysed using Grams 32 software 
and an average of 3 scans was taken for each spectra. 
A and B: FTIR spectra of PMC I and II co-incubated with 
SDD at 37°C. The concentration of PMC I and II was kept 
fixed (1.5 mM). A represents PMC I, and B represents PMC II 
In both A and B: 
(a) native PMC (1.5 mM). 
(b) PMC co-incubated for 2 h with SDD (1.5 mM). 
(c) PMC co-incubated for 4 h with SDD (1.5 mM). 
(d) PMC co-incubated for 2 h with SDD (3 mM). 
(e) PMC co-incubated for 4 h with SDD (3 mM) 
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Figure 5.1.6: FTIR spectra of PMC I and II treated with fungicide Zineb 
PMC solutions were prepared in 25 mM sodium phosphate 
buffer (pH 7.0), data was analysed using Grams 32 software 
and an average of 3 scans was taken for each spectra. 
A and B: FTIR spectra of PMC I and II co-incubated with 
Zineb at 37°C. The concentration of PMC I and II was kept 
fixed (1.5 mM). A represents PMC I, and B represents PMC II 
In both A and B: 
(a) native PMC (1.5 mM). 
(b) PMC co-incubated for 2 h with Zineb (1.5 mM). 
(c) PMC co-incubated for 4 h with Zineb (1.5 mM). 
(d) PMC co-incubated for 2 h with Zineb (3 mM). 
(e) PMC co-incubated for 4 h with Zineb (3 mM). 
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5.7 Effect of free radical scavengers on the interaction of SDD and Zineb 
with PMC I and II 
For this investigation PMC I and II (1.5mM) were coincubated for 2 hrs with 
SDD and Zineb (3mM) alone as well as with different free radical scavengers like 
ascorbic acid, thiourea, potassium iodide and sodium azide (each with a 
concentration of lOOmM). This investigation was done to analyse the kind of free 
radical involved in fragmentation or degradation of cystatins. Figs. 5.1.7 and 5.1.8 
(A and B) show the scavenging effect of free radical by various scavengers for PMC 
I and II after their interaction with SDD and Zineb respectively. 
Incubation of PMC I and II (1.5 mM) with herbicides (3 mM) for 4 h 
at 37°C resulted in degradation of the treated inhibitors which suggests that 
cystatin is susceptible to degradation by ROS. Results shown in Figs. 5.1.7 
and 5.1.8 (A and B) implicate that thiourea which is a potent scavenger of 
hydroxyl radicals (100 mM) proved to be the most efficient antidote to 
pesticide toxicity. 
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Figure 5.1.7: Effect of different free radical scavengers on PMC I and II 
treated with fungicide SDD 
A and B: Effect of different free radical scavengers on PMC I and II 
(1.5 mM) co-incubated with SDD at 37° C. A represents PMC I, and 
B represents PMC II. Lane a, native PMC (1.5 mM). Lane b, cystatin 
co-incubated with SDD (3 mM). Lane c, cystatin co-incubated with 
SDD (3 mM) and thiourea (100 mM), Lane d, cystatin coincubated 
with SDD (3 mM) and sodium azide (100 mM). Lane e, cystatin 
coincubated with SDD (3 mM) and potassium iodide (100 mM), 
Lane f, cystatin coincubated with SDD (3 mM) and ascorbic acid 
(100 mM). PMC solutions were prepared in 25 mM sodium 
phosphate buffer (pH 7.0) 
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Figure 5.1.8: Effect of different free radical scavengers on PMC I and II 
treated with fungicide Zineb 
A and B: Effect of different free radical scavengers on PMC I and II 
(1.5 mM) co-incubated with Zineb at 37° C. A represents PMC I, and 
B represents PMC II. Lane a, native PMC (1.5 mM). Lane b, cystatin 
co-incubated with Zineb (3 mM). Lane c, cystatin co-incubated with 
Zineb (3 mM) and potassium iodide (100 mM), Lane d, cystatin 
coincubated with Zineb (3 mM) and sodium azide (100 mM). Lane e, 
cystatin coincubated with Zineb (3 mM) and thiourea (100 mM), 
Lane f, cystatin coincubated with Zineb (3 mM) and ascorbic acid 
(100 mM). PMC solutions were prepared in 25 mM sodium 
phosphate buffer (pH 7.0) 
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BIOCHEMICAL AND BIOPHYSICAL CHANGES 
INDUCED IN PMC I AND PMC II BY HERBICIDES 
ISOPROTURON AND 2,4-D 
5.8 Analysis of the interaction of PMC I and II with different 
concentrations of Isoproturon and 2,4-D by PAGE 
Figs. 5.1.9 (A-D) demonstrate the changes in the electrophoretic 
mobility of both the inhibitors after their interaction with herbicide 
Isoproturon, while, Figs. 5.1.10 (A-D) indicate the changes in the 
electrophoretic behaviour of PMC I and II after their interaction with 
herbicide 2,4-D. Results shown in Figs.5.1.9 and 5.1.10 indicate a 
progressive fragmentation of PMC I and II with an increase in incubation 
time as well as the concentration of herbicides. 
5.9 Effect of Isoproturon and 2,4-D on the inhibitory activity of PMC 
I and II 
To establish whether the herbicide had a direct effect on PMC I and II 
(1.5 mM), the inhibitory activity of papain was determined after prior 
incubation of cystatins (2-8 h) at 37°C with different herbicides (0.5-9 mM). 
Tables 5.5 and 5.6 show the changes in the inhibitory activity of PMC 
I and II after their interaction with Isoproturon and 2,4-D, respectively. 
Results presented in Tables 5.5 and 5.6 indicate a significant decrease in the 
activity of cystatins with increase in concentration of herbicides and an 
increase in incubation time of cystatins with Isoproturon and 2,4-D 
respectively. A significant decrease in thiol proteinase inhibitory activity 
was observed at 9 mM concentration of Isoproturon and 2,4-D, incubated 
with PMC 1 and II (1.5 mM) for 8 h. 
6.0 Analysis of the interaction of PMC I and II with Isoproturon and 
2,4-D by Fluorescence spectroscopy 
Fluorescence spectroscopy was performed to investigate the spectral 
changes after the interaction of PMC 1 and II with both the herbicides. The 
cystatin and herbicide solutions were incubated for 2 and 4 hrs and after 
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Figure 5.1.9: Gel electrophoresis (PAGE, 7.5yo) of herbicide Isoproturon 
with PMC I and II 
A and B: Polyacrylamide gel electrophoresis of cystatins after 
co-incubating Isoproturon with a fixed concentration of cystatins 
(1.5 mM) for 2 and 4 h at 37°C. A represents PMC I, and B 
represents PMC II. 
Lane a: untreated cystatins (1.5 mM). 
Lane b: cystatin and Isoproturon (1 mM) co-incubated for 2 h. 
Lane c: cystatin and Isoproturon (1 mM) co-incubated for 4 h. 
Lane d: cystatin and Isoproturon (1.5 mM) co-incubated for 2 h. 
Lane e: cystatin and Isoproturon (1.5 mM) co-incubated for 4 h. 
Lane f: cystatin and Isoproturon (3 mM) co-incubated for 2 h. 
Lane g: cystatin and Isoproturon (3 mM) co-incubated for 4 h. 
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Figure 5.1.9: Gel electrophoresis (PAGE, 7.5%) of herbicide Isoproturon 
with PMC I and II 
C and D: Polyacrylamide gel electrophoresis of cystatins after 
co-incubating Isoproturon with a fixed concentration of cystatin 
(1.5 mM) for 6 and 8 h at 37°C. C represents PMC I, and D 
represent PMC II. 
Lane a: untreated cystatin (1.5 mM). 
Lane b: cystatin and Isoproturon (1 mM) co-incubated for 6 h. 
Lane c: cystatin and Isoproturon (1 mM) co-incubated for 8 h. 
Lane d: cystatin and Isoproturon (1.5 mM) co-incubated for 6h. 
Lane e: cystatin and Isoproturon (1.5 mM) co-incubated for 8 h. 
Lane f: cystatin and Isoproturon (3 mM) co-incubated for 6 h. 
Lane g: cystatin and Isoproturon (3 mM) co-incubated for 8 h. 
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Figure 5.1.10: Gel electrophoresis (PAGE, 7.5%) of herbicide 2,4-D with 
PMC I and II 
A and B: Polyacrylamide gel electrophoresis of cystatins after 
co-incubating 2,4-D with a fixed concentration of cystatins 
(1.5 mM) for 2 and 4 h at 37°C. A represents PMC I, and B 
represents PMC II. 
Lane a: untreated cystatin (1.5 mM). 
Lane b: cystatin and 2,4-D (1 mM) co-incubated for 2 h. 
Lane c: cystatin and 2,4-D (1 mM) co-incubated for 4 h. 
Lane d: cystatin and 2,4-D (1.5 mM) co-incubated for 2 h. 
Lane e: cystatin and 2,4-D (1.5 mM) co-incubated for 4 h. 
Lane f: cystatin and 2,4-D (3 mM) co-incubated for 2 h. 
Lane g: cystatin and 2,4-D (3 mM) co-incubated for 4 h. 
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Figure 5.1.10: Gel electrophoresis (PAGE, 7.5%) of herbicide 2,4-D with 
PMC I and II 
C and D: Polyacrylamide gel electrophoresis of cystatins after 
co-incubating 2,4-D with a fixed concentration of cystatin (1.5 
mM) for 6 and 8 h at 37°C. C represents PMC I, and D 
represent PMC II. 
Lane a: untreated cystatin (1.5 mM). 
Lane b: cystatin and 2,4-D (1 mM) co-incubated for 6 h. 
Lane c: cystatin and 2,4-D (1 mM) co-incubated for 8 h. 
Lane d: cystatin and 2,4-D (1.5 mM) co-incubated for 6h. 
Lane e: cystatin and 2,4-D (1.5 mM) co-incubated for 8 h. 
Lane f: cystatin and 2,4-D (3 mM) co-incubated for 6 h. 
Lane g: cystatin and 2,4-D (3 mM) co-incubated for 8 h. 
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each incubation fluorescence spectra was taken. Excitation wavelength was 
284 nm, and emission spectra were taken in the wavelength range of 300 to 
400 nm with a slit width of 10 nm. Figs. 5.1.11 and 5.1.12 (A-D) show the 
fluorescence spectra of PMC I and PMC II treated with Isoproturon and 2, 4-
D respectively. Results shown in Figs. 5.1.11 and 5.1.12 implicate 
quenching of fluorescence emission with increase in concentration as well as 
incubation time of herbicides, with PMC I and II. At a concentration of 6 
and 9mM of herbicides, cystatin fluorescence was fully quenched. (Results 
not shown). 
6.1 Interaction of Isoproturon with PMC I and II analysed by Fourier 
Transform Infrared Spectroscopy (FTIR) 
FTIR spectroscopy was done to analyse the conformational changes 
during cystatin-herbicide interaction. Fig. 5.1.13 shows the original spectra 
of native (untreated cystatin) along with cystatin coincubated for 2 and 4 h 
with Isoproturon (1.5 and 3 mM). The interaction of Isoproturon with both 
the inhibitors resulted in a shift in the peak intensity from 1657.09 to 
1618.27 in PMC I and 1656.94 to 1621.07 in PMC II, as is evident from Fig. 
5.1.13 (AandB) . 
6.2 Interaction of 2,4-D with PMC I and II analysed by Fourier 
Transform Infrared Spectroscopy (FTIR) 
Fig. 5.1.14 shows the original spectra of native (untreated cystatin) 
along with cystatin coincubated for 2 and 4 h with 2,4-D (1.5 and 3 mM). 
Interaction of 2, 4-D with cystatins resulted in a significant shift in the peak 
intensity of PMC I from 1655.93 to 1620.37 and a shift of 1656.71 to 
1621.26 in PMC 11 (Fig.5.1.14 A and B). 
Thus, the results summarized in Figs. 5.1.13 and 5.1.14 (A and B) and 
Tables 5.7 and 5.8 show significant changes in the secondary structure of 
PMC 1 and II from that of a-helix to lower wavenumber /?-sheet bands. 
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Figure 5.1.11: Fluorescence spectroscopy of PMC I and II treated with 
herbicide Isoproturon 
Fluorescence emission spectra of herbicide treated cystatins 
were taken in the wavelength range of 300-400 nm, using 
xenon arc lamp as the light source. Cells with 1 cm path length 
were used and an average of four scans was taken. 
A and B: Fluorescence emission spectra of cystatin (1.5 mM) 
in the absence of Isoproturon (uppermost curve) and the 
presence of increasing Isoproturon concentration (1, 1.5, and 3 
mM) obtained in 25 mM sodium phosphate buffer (pH 7.0) after 
co-incubating Isoproturon with cystatin for 2 h at 37°C. A 
represents emission spectra of PMC I, and B represents 
emission spectra of PMC II. 
C and D: Fluorescence emission spectra of cystatin (1.5 mM) 
in the absence of Isoproturon (uppermost curve) and the 
presence of increasing Isoproturon concentration (1, 1.5, and 3 
mM) obtained in 25 mM sodium phosphate buffer (pH 7.0) after 
co-incubating Isoproturon with cystatin for 4 h at 37°C. C 
represents emission spectra of PMC I, and D represents 
emission spectra of PMC II. 
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Figure 5.1.12: Fluorescence spectroscopy of PMC I and II treated with 
herbicide 2,4-D 
Fluorescence emission spectra of herbicide treated cystatins 
were taken in the wavelength range of 300-400 nm, using 
xenon arc lamp as the light source. Cells with 1 cm path length 
were used and an average of four scans was taken. 
A and B: Fluorescence emission spectra of cystatin (1.5 mM) 
in the absence of 2,4-D (uppermost curve) and the presence of 
increasing 2,4-D concentration (1, 1.5, and 3 mM) obtained in 
25 mM sodium phosphate buffer (pH 7.0) after co-incubating 
2,4-D with cystatin for 2 h at 37°C. A represents emission 
spectra of PMC I, and B represents emission spectra of PMC II. 
C and D: Fluorescence emission spectra of cystatin (1.5 mM) 
in the absence of 2,4-D (uppermost curve) and the presence of 
increasing 2,4-D concentration (1, 1.5, and 3 mM) obtained in 
25 mM sodium phosphate buffer (pH 7.0) after co-incubating 
2,4-D with cystatin for 4 h at 37°C. C represents emission 
spectra of PMC I, and D represents emission spectra of PMC II. 
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Figure 5.1.13: FTIR spectra of PMC I and II treated with herbicide 
Isoproturoti 
PMC solutions were prepared in 25 mM sodium phosphate 
buffer (pH 7.0), data was analysed using Grams 32 software 
and an average of 3 scans was taken for each spectra. 
A and B: FTIR spectra of PMC I and II co-incubated with 
Isoproturon at 37°C. The concentration of PMC I and II was 
kept fixed (1.5 mM). A represents PMC I, and B represents 
PMC II. In both A and B: 
(a) native PMC (1.5 mM). 
(b) PMC co-incubated for 2 h with Isoproturon (1.5 mM). 
(c) PMC co-incubated for 4 h with Isoproturon (1.5 mM). 
(d) PMC co-incubated for 2 h with Isoproturon (3 mM). 
(e) PMC co-incubated for 4 h with Isoproturon (3 mM). 
130 
1618.27 e 
0.00 
1740 1720 1700 1680 1660 1640 1620 1600 1580 1560 1540 1520 
Wavenumber (cm'^ ) 
1621.07 
g 1.00 
e 
2 0.80 
0.00 
1740 1720 1700 1680 1660 1640 1620 1600 1580 1560 1540 1520 
Wavenumber (cm'^ ) 
Figure 5.1.14: FTIR spectra of PMC I and II treated with herbicide 2,4-D 
PMC solutions were prepared in 25 mM sodium phosphate 
buffer (pH 7.0), data was analysed using Grams 32 software 
and an average of 3 scans was taken for each spectra. 
A and B: FTIR spectra of PMC I and II co-incubated with 
2,4-D at 37°C. The concentration of PMC I and II was kept 
fixed (1.5 mM). A represents PMC I, and B represents PMC II 
In both A and B: 
(a) native PMC (1.5 mM). 
(b) PMC co-incubated for 2 h with 2,4-D (1.5 mM). 
(c) PMC co-incubated for 4 h with 2,4-D (1.5 mM). 
(d) PMC co-incubated for 2 h with 2,4-D (3 mM). 
(e) PMC co-incubated for 4 h with 2,4-D (3 mM). 
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6.3 Effect of free radical scavengers on the interaction of Isoproturon 
and 2,4-D with PMC I and II 
For this investigation PMC I and II (1.5mM) were coincubated for 2 h 
with herbicides (3mM) alone as well as with different free radical 
scavengers like ascorbic acid, thiourea, potassium iodide and sodium azide 
(each with a concentration of lOOmM). Figs. 5.1.15 and 5.1.16 (A and B) 
show the scavenging effect of free radical by various scavengers, for PMC I 
and II after their interaction with Isoproturon and 2,4-D respectively. 
Incubation of PMC I and II (1.5 mM) with herbicides (3 mM) for 4 h 
at 37°C resulted in degradation of the treated inhibitors. Furthermore, results 
shown in Figs. 5.1.15 and 5.1.16 (A and B) implicate that thiourea (100 
mM) proved to be the most efficient antidote to herbicide toxicity. Besides 
thiourea, mannitol (100 mM) was also found to scavenge the free radicals 
generated due to toxic effect of herbicides (Isoproturon and 2,4-D) on PMC I 
and II. 
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Figure 5.1.15: Effect of different free radical scavengers on PMC I and II 
treated witti herbicide Isoproturon 
A and B: Effect of different free radical scavengers on PMC I and II 
(1.5 mM) co-incubated with Isoproturon at 37° C. A represents PMC 
I, and B represents PMC II. Lane a, native PMC (1.5 mM). Lane b, 
cystatin co-incubated with Isoproturon (3 mM). Lane c, cystatin co-
incubated with Isoproturon (3 mM) and mannitol (100 mM), Lane d, 
cystatin coincubated with Isoproturon (3 mM) and sodium azide (100 
mM). Lane e, cystatin coincubated with Isoproturon (3 mM) and 
ascorbic acid (100 mM), Lane f, cystatin coincubated with 
Isoproturon (3 mM) and thiourea (100 mM). PMC solutions were 
prepared in 25 mM sodium phosphate buffer (pH 7.0) 
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Figure 5.1.16: Effect of different free radical scavengers on PMC I and 11 
treated with herbicide 2,4-D 
A and B: Effect of different free radical scavengers on PMC I and II 
(1.5 mM) co-incubated with 2,4-D at 37" C. A represents PMC I, and 
B represents PMC II. Lane a, native PMC (1.5 mM). Lane b, cystatin 
co-incubated with 2,4-D (3 mM). Lane c, cystatin co-incubated with 
2,4-D (3 mM) and mannitol (100 mM), Lane d, cystatin coincubated 
with 2,4-D (3 mM) and sodium azide (100 mM). Lane e, cystatin 
coincubated with 2,4-D (3 mM) and ascorbic acid (100 mM), Lane f, 
cystatin coincubated with 2,4-D (3 mM) and thiourea (100 mM). 
PMC solutions were prepared in 25 mM sodium phosphate buffer 
(pH 7.0) 
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The use of pesticides in the present day agricuhural systems is one of the 
major ecotoxicological problems especially in the third world countries. 
Agrochemicals are used as an integral part of modem agricultural systems, 
moreover, in this system, the quantity of herbicides used is generally much greater 
than that of insecticides or fungicides. Of the total agrochemicals in use, roughly 
69% are herbicides, 19% insecticides and mere 12% are fungicides. These 
agrochemicals are used at varying rates averaging 3 kg/hectare. The application of 
pestcides however, is not evenly distributed among crops, for instance 93% of the 
raw crops hectarage such as com, cotton and soyabeans is treated with pesticides 
while less than 10% of forage crops hectarage receive the pesticide treatment. 
Although, agricultural herbicides remove unwanted plants and provide protection 
against weeds but they may also damage some proteins which are important for the 
survival of the plant system if not used properly. Phytocystatins are the thiol 
proteinase inhibitors which provide powerful defense to the plant system in a 
number of ways as has been already mentioned in previous sections. In the present 
study, to the best of our knowledge we have discussed for the first time, the 
biochemical and biophysical effects of fungicides (SDD and Zineb) and herbicides 
(Isoproturon and 2, 4-D), on phytocystatins purified from a commonly used Indian 
legume Phaseolus mungo. 
Results shown in Figs. 5.1.1 (SDD), 5.1.2 (Zineb), indicate that at a 
low concentration of fungicides the bands are more intense for PMC I after 
2 h of incubation as compared to PMC II (lane b, part B of Figs. 5.1.1, 
5.1.2), which implicates that the interaction has caused less fragmentation in 
PMC I as compared to PMC II. As the concentration of SDD and Zineb is 
increased (1.5-3 mM) with increase in the time of incubation (2-4 h), the 
fragmentation of cystatins increases successively (lane c in parts A and B of 
Figs. 5.1.1, 5.1.2). As compared to parts A and B of these Figs, the 
electrophoretic mobility in parts C and D clearly demonstrates that the 
inhibitor is fragmented to a higher extent at 6 and 8 h of incubation. 
However, at an incubation time of 8 h, the extent of damage to PMC I and II 
is such that the bands are poorly visible and migrate to a different position 
as compared to that of native PMC (lane a in parts A-D of Figs. 5.1.1, 
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5.1.2). These figures show that fragmentation of PMC I and II increases 
gradually with an increase in the concentration of SDD and Zineb. At 6 and 
9 mM concentration of fungicides the bands vanished completely. 
Results shown in Figs. 5.1.9 (Isoproturon) and 5.1.10 (2,4-D) indicate 
that at a low concentration of herbicides the bands are more intense for 
PMC I after 2 h of incubation as compared to PMC II (lane b, part B of Figs. 
5.1.9 and 5.1.10), which implicates that the interaction has caused less 
fragmentation in PMC I as compared to PMC II. As the concentration of 
Isoproturon and 2,4-D is increased (1.5-3 mM) with increase in the time of 
incubation (2-4 h), the fragmentation of cystatins increases successively 
(lane c in parts A and B of Figs. 5.1.9 and 5.1.10). The electrophoretic 
mobility in parts C and D shows that the inhibitor is fragmented to a higher 
extent at 6 and 8 h of incubation as compared to 2 and 4 h of incubation. 
However, at an incubation time of 8 h, the extent of damage to PMC I and II 
is such that the bands are poorly visible and even migrate to a different 
position as compared to that of native PMC (lane a in parts A-D of Figs. 
5.1.9 and 5.1.10). Results indicate that at lower concentration of herbicides 
the effect is insignificant. At 6 and 9 mM concentration of herbicides the 
bands vanished completely. 
Thus, intensity of cystatin bands at different incubation times as 
compared to the native cystatin (lane a in Figs. 5.1.1, 5.1.2, 5.1.9 and 
5.1.10) clearly shows the fragmentation of purified PMC I and II in the 
presence of different fungicides and herbicides. The progressive change in 
the electrophoretic pattern of cystatins could also be due to a conformational 
change or cystatin denaturation because of the incubation of PMC I and II at 
37°C for 6-8 h. 
Inhibitory activity of papain was determined after prior incubation of 
both the cystatins with fungicides and herbicides. Results shown in Table 
5.1 show that there was a significant decrease in the thiol proteinase 
inhibitory activity and this decrease in activity was more pronounced with 
an increase in the concentration as well as the incubation time with SDD. At 
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a concentration of 0.5 mM of SDD and at an incubation time of 2 h, 
inhibitory activity in PMC I and II was found to be 76.1 ± 0.153 and 73.19 ± 
0.098 % respectively. Furthermore, a decrease of 43.07 + 0.067 and 44.57 ± 
0.035 % was observed in PMC I and II after 8 h of incubation as compared 
to the native protein. At 9 mM concentration of SDD the activity of PMC I 
and II showed a further decrease. 
Results shown in Table 5.2 indicate the decrease in the thiol 
proteinase inhibitory activity after the interaction of fungicide Zineb with 
both the cystatins. At a concentration of 0.5 mM of Zineb and at an 
incubation time of 2 h, the inhibitory activity in PMC I and II was found to 
be 85.16 ± 0.141 and 83.29 ± 0.013, respectively, which decreased to 66.39 
± 0.118 and 66.66 ± 0.036 % at a concentration of 9 mM of Zineb, however, 
at this concentration for 8 h of incubation, the decrease in the inhibitory 
activity was found to be 25.67 ± 0.00 (PMC I) and 21.03 ± 0.016 % (PMC 
II). 
Results shown in Table 5.5 show the loss in thiol proteinase 
inhibitory activity after coincubating cystatins with isoproturon. At a 
concentration of 0.5 mM of isoproturon and incubation time of 2 h 
inhibitory activity of PMC I and II was found to be 75.1 ± 0.123 and 72.29 ± 
0.078, respectively, while at a concentration of 9 mM of isoproturon and 
with similar incubation times, activity decreased to 46.21 ± 0.115 in PMC I 
and 45.17 ± 0.031 in PMC II. However, there was a significant decrease in 
the inhibitory activity after 8 h of incubation at a concentration of 9 mM 
Isoproturon. 
Table 5.6 shows the percent loss in the thiol proteinase inhibitory 
activity after coincubating cystatins with 2, 4-D. At a concentration of 0.5 
mM and incubation time of 2 h, inhibitory activity in PMC I and II was 
found to be 75.2 ± 0.152 and 73.08 ± 0.013, respectively, while at an 
incubation time of 8 h and 0.5 mM concentration of 2, 4-D, the inhibitory 
activity decreased to 41.03 ± 0.077 and 43.57 ± 0.025 in PMC I and II, 
respectively. A significant decrease in activity of PMC I (3.52 ± 0.011) and 
139 
PMC II (4.10 ± 0.003) was observed at a concentration of 9 mM of 2, 4-D 
and at an incubation time of 8 h. 
This tremendous loss in thiol proteinase inhibitory activity due to interaction 
with herbicides and fungicides is in accordance with the electrophoretic pattern 
(Figs. 5.1.1, 5.1.2, 5.1.9 and 5.1.10), which demonstrates fragmentation and 
conformational change in the inhibitor, thus providing a strong evidence of the 
deleterious impact of different fungicides and herbicides on PMC I and II. It has 
been reported that oxidative modification of proteins for longer time period can 
render them inactive and susceptible to hydrolysis by a number of proteinases 
(Fligiel etal, 1984; Davies, 1987; Wolf and Dean, 1986). 
Parts A and B in Figs. 5.1.3 and 5.1.4 indicate quenching of 
fluorescence intensity with an increasing concentration of fungicides (SDD 
and Zineb) respectively. In Figs. 5.1.11 and 5.1.12 parts A and B indicate 
quenching of fluorescence intensity with an increasing concentration of 
herbicides (Isoproturon and 2,4-D). A successive increase in quenching was 
observed with an increase in the concentration of pesticide (1.5-3 mM), a 
minimal quenching was observed at low pesticide concentrations (1.5 mM). 
Fluorescence studies of the pesticide treated PMC I and II indicate a red 
shift which might be because of the increase in the polarity of the groups 
due to an enhanced access of solvent to the fluorophores. Sommers and 
Kronman (1980) have reported the loosening of the protein structure as a 
result of quenching in fluorescence. 
In the IR spectra of proteins, the secondary structure is most clearly 
reflected by the amide I and amide II bands, particularly the former (Ruegg 
et ai, 1975). The amide I band absorbs at 1657 cm"' (mainly a C = O 
stretch) and the amide II band absorbs at 1542 cm"' (C-N stretching coupled 
with N-H bending modes) (Bramanti and Benedetti, 1996; Krimm and 
Bandekar, 1986). It has also been reported that for a native protein, the 
amide I component for the a-helical structure locates at 1656 ± 2 cm"' and 
the band components for the ^-sheet structure should locate between 1622 
and 1642 cm"' (lower wavenumber y9-sheet bands) and between 1690 and 
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1698 cm"' (higher wavenumber y9-sheet bands) (Eliott and Ambrose, 1950; 
Timasheffe/a/., 1967; Ruegg e/a/., 1975; Miyazawa and Blout, 196i;. 
Changes observed by FTIR spectroscopy in the secondary structure of 
PMC I and II after their interaction with SDD are given in Table 5.3. It was 
found that at a concentration of 1.5 mM SDD and at 2 h of incubation, the 
percent increase in ^-antiparallel is 88.57 and 60.25% with an increase in y9 
turn was 83.75 92.53%, while the a-helical structure showed a reduction of 
19.82 and 20.35% with a 0.74 and 1.72% increase in the y9-sheet structure, 
for PMC I and II respectively. At a 3 mM SDD concentration and at an 
incubation time of 4 h, an increase in ;9-antiparallel is 168.57 and 98.71%, 
and an increase p turn is 63.75 and 91.04% with a significant decrease in the 
a-helix. 
Table 5.4 indicates the changes in the secondary structure of PMC I 
and II after their interaction with Zineb (1.5 mM). At 2 h of incubation the 
percent increase in yff-antiparallel is 107.9 and 84.3%and the increase in P 
turn is 77.76 and 70.27%, while the a-helical structure shows a reduction of 
24.2 and 22.1% with a 2.77 and 2.2% increase in the y9-sheet structure, for 
PMC I and II respectively. At a 3 mM Zineb concentration and at an 
incubation time of 4 h, the increase in y9-antiparallel was 155.56 and 117.1%, 
whereas increase in y9 turn was 98.5 and 70.3%. It showed a decrease in a-
helical structure with an increase inyS-sheet structure. 
Table 5.7 demonstrates the changes in the secondary structure of 
PMC I and II (1.5 mM) after their interaction with Isoproturon. After 2 h of 
incubation the percent increase in y9-antiparallel is 130.8 and 55.2% and the 
increase in p turn is 156.8 and 65.8%, while the a-helical structure shows a 
reduction of 19.76 and 20.4% with a 4.66 and 7.89% increase in the ^-sheet 
structure, for PMC I and II respectively. 
Table 5.8 presents the secondary structural changes in PMC I and II 
(1.5 mM) as a result of interaction with 2, 4-D. After 2 h of incubation the 
percent increase in y5-antiparallel is 101.5 and 79.5%and the increase in P 
turn is 90.63 and 80.3%, while the a-helical structure shows a reduction of 
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23.1 and 23.36% with a 0.36 and 3.65% increase in the yff-sheet structure, for 
PMC I and II respectively. 
Thus, the FTIR results for the four pesticides further confirm the 
damage caused to PMC I and II as is evident by a significant shift in the 
peak intensity of PMC I and II, as shown in parts A and B of Figs. 5.1.5 
(SDD), 5.1.6 (Zineb), 5.1.13 (Isoproturon) and 5.1.14 (2,4-D) after their 
interaction with pesticides, furthermore, the data presented in Tables 5.3, 
5.4, 5.7 and 5.8 showed significant changes in the structure of PMC I and II 
from that of a-helix to y9-structure (lower wavenumber y8-sheet bands), after 
coincubating PMC I and II for 4 h with SDD, Zineb, Isoproturon and 2,4-D 
respectively. 
The physiological role of free radicals have become a prominent area 
of interest in antioxidant-prooxidant research (Minghetti and Levi, 1988; 
Mohankumar et al., 1998). The major sources of these free radicals in 
biological systems are modest leakages from electron transport chains of 
mitochondria, chloroplasts and endoplasmic reticulum (Dean et al., 1997). 
Proteins may be the critical targets of ROS because they are present inside 
and outside the cell in high concentration. Modification of proteins by free 
radicals may have amplified effects on their functions like susceptibility to 
proteases and degradation. Davies (1987) reported that proteins which have 
been exposed to certain oxygen radicals exhibit altered primary, secondary 
and tertiary structure and can undergo spontaneous fragmentation. 
It is well known that pesticide toxicity of proteins is due to free 
radical generation (Kelner et al., 1990), Exposure of plants to a variety of 
adverse conditions such as pesticide treatment leads to free radical 
production which is not only mediated by catalytic Fe (Iron) but also 
increases its production steadily in plants exposed to pesticides (Becana et 
al., 1998). Iron is a biologically important transition metal ion with its 
reduced form capable of rapidly cleaving organic compounds forming 
radicals that can initiate chain reactions (Dean et al., 1997). These radicals 
are present in plant extracts and legumes (Reddy et al., 1982), formed 
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through a Fenton reaction catalyzed by iron present in plants (Becana et al., 
1998). Thus, it was thought worthwhile to check the possible involvement of 
ROS generated by different pesticides in the conformational change and 
inactivation or fragmentation of cystatins; with this aim, the effect of free 
radical scavengers was investigated. 
Results shown in parts A and B of Fig. 5.1.7 indicate that PMC I and 
II attain the position of native band (lane a), when incubated with 3 mM of 
SDD in the presence of thiourea (100 mM). Cystatins are degraded in all 
other lanes except in lane c (part A and B) where thiourea is present. In Fig. 
5.1.8 (A, B), both the cystatins attain the position of native band (lane a in 
parts A and B) after incubating Zineb (3 mM) for 4 h with thiourea (100 
mM), as shown in lane e in parts A and B of Fig. 5.1.8. In comparison to 
Figs. 5.1.7 and 5.1.8, results shown in Fig. 5.1.15 (A, B) indicate that both 
PMC I and II attain the position of native band (lane a in parts A and B), 
when isoproturon (3 mM) is incubated for 4 h with 100 mM of thiourea (lane 
f in parts A and B). Besides thiourea, to some extent, mannitol (100 mM) 
was also found to scavenge the free radicals generated by isoproturon -
PMC interaction (lane b in parts A and B). Similarly, Fig. 5.1.16 (A, B) 
shows that 100 mM of thiourea (lane f in parts A and B) and mannitol (lane 
c in parts A and B) were able to scavenge free radicals generated during 2,4-
D- PMC interaction. PMC I and II attained the position of native band (lane 
a in parts A and B), when incubated for 4 h with 2,4-D (3 mM),although, 
mannitol was not that effective as thiourea. 
Results of free radical studies taken altogether show that thiourea was 
found to be the most effective scavenger as compared to all other 
compounds used in the study. The scavengers present in all other lanes 
scavenge superoxide anion and singlet oxygen, which were unable to 
produce any scavenging effect, and thiourea is a potent scavenger of 
hydroxyl radicals, therefore, generation of hydroxyl radicals is established. 
In Figs. 5.1.7, 5.1.8, 5.1.15 and 5.1.16 except in lanes where thiourea is 
present, both the cystatins are degraded. Production of hydroxyl radicals has 
also been reported in raddish seeds because of the Fenton type reactions 
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(Schopfer et al., 2001). It has also been reported that thiourea is an effective 
antidote to pesticide toxicity (Trebst et al., 2000). 
Thus, it can be concluded from the above results that hydroxyl radical 
formation because of the pesticide-PMC interaction is one of the prime 
factors responsible for pesticide induced cystatin damage. Thiol proteinase 
inhibitors play a major role in leaf senescence (Greenberg, 1996; Lamb and 
Dixon, 1997) and seed development. Moreover, cystatins purified from plant 
sources such as sugarcane can be employed to inhibit the growth of 
filamentous fungi Trichoderma reesi (Soares-costa et al., 2002). 
Thus, it is logical to think that any interactions resulting in the 
damage of protease inhibitor or any defect in cystatins regarding the loss of 
inhibitory activity, conformational change or fragmentation may also affect 
the metabolic machinery of the plant. Since cystatins are present in tubers 
(Waldron et al., 1993), latex (Monti et al., 2004) and seeds of plants 
(Oliviera et al., 2002), any damage to cystatins may be damaging the plant 
as a whole. Therefore, keeping in view the importance of cystatins and their 
presence in plant and mammalian system the studies may be used as a model 
system to understand the interaction of plant and mammalian cystatins with 
different fungicides and herbicides. Although, it is reported that 1 mM 
concentration of pesticides effects proteins (Purcell et al., 2001). We have 
chosen a broader range (0.5-9 mM) to see the overall biochemical and 
biophysical changes in PMC I and II at varying concentrations and 
incubation times with fungicides and herbicides. 
Therefore, the studies on the interaction of pesticides with PMC I and 
II provide significant evidence to prove the damage caused to the cystatins. 
At the present time, it can be speculated that the mechanism involved in 
pesticide-mediated fragmentation or conformational change in PMC 1 and 11 
is certainly due to the suspected role of the hydroxyl radicals generated by 
the pesticides. These findings suggest that fungicides (like SDD and Zineb) 
and herbicides (like Isoproturon and 2,4-D) deserve further attention 
because of their damaging effects on cystatins. 
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Biochemical and Biophysical Changes Induced by Fungicide 
Sodium Diethyl Dithiocarbamate (SDD), in Phytocystatin 
Purified from Phaseolus mungo (Urd): A Commonly Used 
Indian Legume 
SANDEEP SHARMA, FOUZIA RASHID, AND BILQEF.S BANG* 
Department of Biochemistry, Faculty of Life Sciences, Aligarh Muslim University, 
Aligarh-202002 (U. P.), India 
Phytocystatins are the plant thiol protease inhibitors involved in several reaction mechanisms of the 
plant system like regulation of proteolytic activity and storage of proteins. Biochemical and biophysical 
changes Induced by fungicide SDD in phytocystatin purified from Phaseolus mungo have been 
investigated in terms of mass spectroscopy, Fourier transform infrared spectroscopy, and fluorescence 
spectroscopy, at pH 7.0, with varying fungicide concentrations (1 -9 mM) and a time of incubation 
ranging from 2 to 8 h at 37 °C, with a fixed cystatin concentration (1.5 mM). Reactive oxygen species 
responsible for inhibitor damage were also investigated, and thiourea was found to scavenge the 
free radicals generated by SDD. FTIR analysis indicates a significant conformational transition from 
a-helix to /3-sheet structure; quenching of fluorescence is evident by fluorescence spectroscopy. The 
activity assay showed a decrease in inhibitory activity, as well as a fragmentation of the inhibitor was 
observed in electrophoresis. Results obtained implicate that exposure of phytocystatins to SDD 
involves physicochemical changes in cystatins leading to damage and a decrease in the activity of 
the inhibitor. 
KEYWORDS: SDD; Fourier transform infrared spectroscopy; fluorescence spectroscopy; protease 
inhibitor; proteins 
INTRODUCTION 
Pesticide is any substance intended for preventing, repelling, 
or destroying any pests. This definition includes herbicides, 
which are used to kill unwanted plants, insecticides, and 
fungicides, which are specifically used to kill molds, insect pests, 
and fungi. SDD is a fungicide used widely to protect fruits, 
grains, crops, and vegetables; as a consequence of low price 
and easy availability, the use of compounds such as SDD 
(sodium diethyl dithiocarbamate) has been widely expanded, 
and without its use, the agricultural yield of field crops would 
drop by 30-50% (/). The extensive use of fungicides in 
agricultural practice is one of the most important ecotoxico-
logical problems in developing as well as in the developed 
countries. SDD is absorbed in plant products. When such 
compounds are consumed by animal systems, tlicy reach through 
the bloodstream to various parts of the body and affect some 
proteins (2). Mammalian exposure to dithiocarbamates such as 
SDD leads to gonadal toxicity, a decrease in the level of different 
proteins, and an increase in the thyroid conccntiation (i). 
Furthcnnorc, long-term exposure to dithiocarbamates lias been 
* To whom correspondence should be addressed: Dcpartmeiil of 
Biochemistry, Faculty of Life Sciences, AMU. Aligarh. E-mail: 
shai-ma_mos@yahoo.co.in.Telephone: -l-91-571-27()()X.'i7. Fax: +yi-.S71-
2702758. 
associated with Parkinsonism and an increased risk of neuro-
cognitive impairment (4). 
The study of the interaction of SDD with proteins is very 
important because this interaction has been reported to induce 
morphological changes in plants such as root-growth retardation 
(5), defects in the storage of proteins, regulation of proteolytic 
activity, and apoptosis (6, 7, 8), Apoptosis or plant programmed 
cell death has been implicated in several processes such as 
xylogenesis (.9), some forms of senescence, and in the attack 
response of pathogens {10, II). 
Thiol proteinase inhibitors are found ubiquitously in animal 
and plant systems. The known proteins of the cystatin super-
family have been divided into three families, namely, stefms 
(type-l cystiitins). cystatins (type-11 cystatins), and kininogcns, 
found only in mammalian plasma (12, 13). During the past 
decade, a fourth group belonging to the cystatin supcrfamily 
has emerged, that is, the plant cystatins. Homology searches 
show that some plant cystatins resemble family 1 cystatin and 
some resemble fainily II cystatins of animal origin (J4). and 
both plant and animal cystatins arc shown to be evolved from 
a cognate ancestrol gene (15, 16). 
Phytocystatins such as oryzacystatin I and II have been 
reported to show antiviral ctTect against polio and herpes simplex 
virus (HSV-I) (17, 18), which is a potential biotechnological 
10.1021/jf050580p CCC: $30.25 © 2005 Amencan Chemical Society 
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Unfolding During Urea Denaturation of a Low Molecular Weight Phyto-
cystatin (Thiol Protease Inhibitor) Purified from Phaseolus mungo (Urd) 
Sandeep Sharma, Fouzia Rashid, and Bilqees Bano* 
Department of Biochemistry. Faculty of Life, Sciences, Aligarh Muslim University, Aligarh-202002 (U.P.) India 
Abstract: In the present study, two phytocystatins were purified to homogeneity as peaks I and U with molecular weights 
of 19 kDa and 17 kDa. respectively, as deteniuned by SDS-PAGE and mass spectrometry. Both PMCs 1 and II were puri-
fied with a greater than 1000-fold purification and overall yield of about 16-18%. The effect of urea on PMC I and II was 
analysed by fluorescence and Circular Dichroism (CD) spectroscopy. Fluorescence studies suggest a red shift of the 
maximum emission at higher urea concentrations. PMC I and II are extremely stable protein inhibitors with regards 
to temperature and pH stability. FTIR studies show predominant _-hclical structure in both the cystatins. CD analysis 
results show change in urea concentration-dependent loss in ellipticity, as well as in the .shape of the CD spectrum com-
pared to the intact phytocystatin. 
Keywords: Plant cystatins, Fluorescence Spectroscopy, Purification, Proteins, Thiol protease inhibitors, Circular Dichroism 
1. INTRODUCTION 
The cystatin superfamily includes three families, type I 
cystatin (the stefms), type II cystatins (the cystatins) and type 
III cystatins (the kininogens) [1]. During the last decade, a 
fourth group belonging to cystatin superfamily has emerged, 
the plant cystatins [3], Homology searches show that some 
plant cystatins resemble family II cystatins of animal origin 
while some resemble family 1 cystatins of the mammalian 
system [4]. 
Plant cystatins, called phytocystatins, have been identi-
fied and studied in many plants such as rice [5, 6], maize [7], 
soyabean [8]. cowpea [9], potato [10], Chinese cabbage [11] 
and carrot [12]. Since thiol protease inhibitors present in the 
plant system perform a variety of functions, including acting 
as storage proteins [13], regulators of endogenous proteolytic 
activity [14] and participants in tnechanisms of programmed 
plant cell death [15], their regulation is performed by cys-
teine proteinase inhibitors i.e. the phytocystatins. Further-
more, proteinase inhibitors are expressed in abiotic stress and 
in plant defense processes against insect attacks [18]. Phyto-
cystatins present in cereal seeds like rice and maize have 
been reported to prevent certain types of cancer [19]. Fur-
thennore, purified sugar cane cystatin was found to inliibit 
the growth of filamentous fimgus Trichoderma reesi [20]. 
Most of the studies on cystatin have focused on those 
purified from mainmalian system and very few on cystatins 
purified from plant system. This study reports the purifica-
tion and urea-induced changes in a low molecular weight 
phytocystatins purified from a commonly used Indian leg-
ume, Phaseolus mungo. The two purified phytocystatins 
have molecular weights of 19 kDa (peak I) and 17 kDa (peak 
•Address correspondence to this author at the Department of Biochemistty, 
Faculty of Life, Sciences, Aligarh Muslim University, Aligarh-202002 
(U.P.) India; Tel: *91+57H-2700857; Fax: +9H-571+27027.S8; E-mail: 
sharma_mos@yahoo.co.in 
II) respectively and have been named as PMC I (Phaseolus 
mungo cystatin I) and PMC II (Phaseolus mungo cystatin 11). 
Since these phytocystatins were purified using a simple and 
easy two step procedure, i.e., ammoniuin sulphate fractiona-
tion and gel filtration, the results obtained are relevant and of 
great biochemical significance. 
2. MATERIALS AND METHODS 
2.1. Materials 
All the materials used in the study were of analytical 
grade and used without further purification. 
2.2. Methods 
2.2.1. Purification of PMC I and II 
PMC I and II were purified by the modification of the 
method of Juwen and Haard [21]. 100 g of urd seeds were 
soaked in 25 niM sodium phosphate buffer (pH 7.0) and 
0.15M sodium chloride. This preparation was kept overnight 
at 4°C. Seeds were then peeled off, homogenized and sub-
jected to ccntrifiigation in a Sigma cooling centrifuge (Japan) 
at 8000 rpm for 20 min. at 4°C. Supernatant thus collected 
was saturated with 0-40%, and 40-70% ammonium sulfate 
and centrifuged at 10000 rpm. This pellet was extensively 
dialysed against several changes of the same buffer for 20 
min at 4°C to remove ammonium sulfate. Dialysed sample 
was then loaded on a Sephacryl S -100 gel filtration column. 
2.2.2 Electrophoresis 
Polyacrylamide gel electrophoresis and SDS-PAGE were 
perfonned by the inethod of Laemmli [22]. 
2.2.3. Mass Spectrometry of PMC I and II: Matrix Assisted 
Laser Desorption Time of Flight Mass Spectrometry 
(MALDl-TOF Analysis) 
PMCs I and II were again loaded onto a Sephacryl S-100 
gel filtration column and eluted with sodium phosphate 
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